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Excimple  taken  from  AFC  77  Stainless  Steel  Alloys, 

Table  3. 2. 2.1. 


PAGE 

1-10 


1-ii 


CHAPTER  1 

LIST  OF  ILLUSTRATIONS 
(Concluded) 


FIGURE 


1-10  Format  for  Plane  Stress  Fracture  Toughness  Data; 

Example  taken  from  Table  3. 9. 2.1,  PHl4-8Mo 
Stainless  Steel  Alloy. 


1-11  Format  for  Resistance  Curve  (R-Curve)  Data. 

Example  taken  from  Figure  7. 5. 2. 6,  2024 
Aluminum  Alloy. 


1-12  Graphical  Format  of  the  Fatigue  Crack  Growth  Rate 

Data;  Example  Taken  from  Figure  3.8.3.14  Based 
on  Stainless  Steel  Alloy  PHl3-8Mo  Showing  Effect 
of  Stress  Ratio. 


1-13  Tabular  Format  for  Fatigue  Crack  Growth  Rate  Data; 

Tabular  Data  Corresponds  to  Graphical  Data  Shown 
in  Figure  1.12.  Example  taken  from  Table  3.8.3.14, 
PH13-8MO  Stainless  Steel  Alloy. 


1-14  Graphical  Format  for  Sustained  Load  Crack  Growth 

Rate  Data.  Example  taken  from  Figure  3. 2. 2.1, 
AFC77  Alloy  Stainless  Steel. 


1-15  Tabular  Format  of  Sustained  Load  Crack  Growth 

Rate  Data.  Example  taken  from  Table  3. 2. 3.1, 
AF77  Stainless  Steel  Alloy. 


1-16  Format  for  Stress  Corrosion  Cracking  Threshold 

Data;  Example  taken  from  Table  3. 2. 3. 2,  AF77 
Stainless  Steel  Alloy. 


1-iii 


PAGE 

1-27 

1-29 

1-30 

1-36 

1-38 

1-39 

1-42 


CHAPTER  1 
LIST  OF  TABLES 


TABLE 

1.1 

1.2 

1.3 

1.4 

1.5 

1.6 

1.7 

1.8 

1.9 

1.10 

1.11 

1.12 


ORDER  OF  CHAPTERS 

ORGANIZATION  OF  THE  XTH  MATERIAL  CHAPTER 

SORTING  ORDER  OF  VARIOUS  FIELDS 

ABBREVIATIONS  FOR  MATERIAL  SYSTEMS 

ABBREVIATIONS  FOR  ALLOY  CONDITIONING  AND 
HEAT  TREATMENTS 

ABBREVIATIONS  FOR  PRODUCT  FORMS 

ABBREVIATIONS  FOR  ENVIRONMENTAL  SYSTEMS 

ABBREVIATIONS  FOR  SPECIMEN  DESIGNS 

ORDERING  SCHEME  FOR  ENVIRONMENT 

REFERENCE  NUMBER  FOR  NEW  DATA  AND  THE 
ORGANIZATIONS  OR  JOURNALS  ASSOCIATED  WITH 
THESE  DATA 

LIST  OF  POSSIBLE  SYMBOLS  USED  FOR  EACH  SPECIMEN 
IN  THE  GRAPHICAL  PRESENTATION  OF  THE  FATIGUE 
CRACK  GROWTH  RATE  DATA 

ALTERNATE  PRODUCT  FORM  SORTING  ORDER  FOR  CRACK 
PROPAGATION  DATA 


CHAPTER  1 


HANDBOOK  ORGANIZATION  AND  CONTENT 


1.0  OVERVIEW 

This  edition  of  the  Damage  Tolerant  Design  Data  Handbook 
has  been  entirely  reveunped  since  the  last  update  in  197  5.  The 
major  organizational  change  is  that  data  are  now  presented 
and  sorted  by  material  (aluminum,  titanium,  etc.)  and  by  alloy 
(2024,  6A1-4V,  etc.)  rather  than  by  propert-^  ,^.e.,  Kic,  Kiscc/ 
da/dN) .  The  reorganization  makes  it  possible  to  present  all  the 
pertinent  damage  tolerant  data  on  a  particular  alloy  within  one 
chapter  subsection.  This  new  organization  was  suggested  by 
aerospace  engineers  as  being  the  format  best  suited  for  their 
use.  Additionally,  this  format  now  conforms  to  other  aerospace 
structural  metals  handbooks  such  as  the  Military  Handbook-5  and 
Aerospace  Structural  Metals  Handbook. 

A  survey  was  conducted  at  the  beginning  of  this  handbook 
program;  over  one-hundred  aerospace  design,  materials,  and 
structural  engineers  were  canvassed  for  their  comments  relative 
to  the  proposed  organization,  formats,  types  of  summaries  and 
new  data  types.  Many  of  the  comments  and  suggestions  received 
were  incorporated  into  the  final  design  of  the  handbook.  The 
data  types  of  greatest  interest  were  found  to  be  fracture 
toughness  data,  fatigue  crack  growth  rate  data  and  R-curves. 
Interest  in  specific  materials  were  mainly  for  the  nickel  base 
and  aluminum  alloy  materials. 

Throughout  the  handbook,  the  data  are  presented  in  English 
units,  i.e.,  ksi  /Tn.  was  the  unit  for  the  fracture  toughness 
and  applied  stress  intensity  factor  levels,  and  inches/hr  or 
inches/cycle  were  the  unit  values  for  the  growth  rates.  Metric 
units  have  been  incorporated  along  with  the  English  units  on  the 
graphical  presentation  of  the  sustained  load  and  fatigue  crack 
growth  rate  data,  but  limited  space  forced  the  decision  not  to 
include  metric  units  for  the  tabular  data. 


1.1  ORGANIZATION 


The  handbook  is  divided  into  eight  chapters  and  consists 
of  four  volumes.  Following  the  first  chapter  on  handbook  usage 
and  the  the  second  chapter  on  methods  of  calculations  are  the 
six  material  chapters.  The  order  of  the  chapters  are  as  designated 
in  Table  1.1.  This  order  was  selected  to  keep  the  data  for  a 
particular  chapter  together  as  much  as  possible  while  keeping  the 
size  reasonable  and  the  four  volumes  approximately  equal. 

Table  1.2  depicts  the  basic  organization  of  each  material 
chapter.  Within  each  material  chapter,  the  data  are  further 
divided  into  a  section  of  material  summaries,  followed  by  sections 
that  contain  the  data  for  individual  alloys.  The  first  number 
of  any  section,  subsection,  table  or  figure  number  refers  to  the 
chapter  or  material  as  designated  in  Table  1.1.  The  second 
number  will  run  consecutively  from  zero  on.  A  zero  in  the  second 
position  indicates  that  the  data  is  a  material  summary;  each 
succeeding  second  number  indicates  a  new  alloy,  with  the  highest 
.second  number  referring  to  the  bibliography  for  that  material 
chapter . 

In  a  given  material  summary  section,  i.e.,  X.O,  there  are 
five  possible  material  summary  tables  listed  as  subsections. 

Tables  will  be  listed  in  the  order  defined  by  Table  1.2.  If 
not  enough  data  are  available  for  a  particular  summary,  this 
summary  will  not  be  printed  and  the  next  summary  will  pick  up 
the  sequence  number.  Section  1.3  describes  the  formats  for  the 
material  summaries. 

In  each  alloy  section,  e.g..  Sections  X.l,  X.2,  etc.,  the 
third  number  in  the  sequence  will  designate  whether  the  data  are 
(1)  an  alloy  summary,  (2)  fracture  toughness  data,  or  (3)  crack 
growth  resistance  data.  Within  each  subsection,  the  data  tables 
and  graphs  are  ordered  consecutively. 
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■S 
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X.1.1  -  Alloy  Summaries 
X. 1.1.1  Plane  Stra: 
X.1.1. 2  -  Fatigue  Cn 

X.1.2  -  Fracture  Toughnei 
X. 1.2.1  -  Plane  Stra: 

Alloy  Nur 
X. 1,2,2  -  Plane  Stre: 

Toughnesi 
Alloy  Nui 

X.1,2.3  -  R-Curves 

X.1,3  -  Subcritical  Crac) 

X.  1.3.1  -  Fatigue  Cr. 

(Tables 

X.1.3.2  -  Sustained  : 
X.1.3.3  -  Stress  Cor 
for  Allo^ 

SECTION  X,2  -  Second  Mate 

SECTION  X.N  -  Last  Materi 
SECTION  X.N+1  -  Bibliograph 


There  are  three  possible  types  of  fracture  toughness  data: 
plane-strain  fracture  toughness  data,  plane  stress  and  transitional 
fracture  toughness  data,  and  resistance  curve  data;  Section  1.5 
provides  a  detailed  discussion  of  the  data  formats.  There  are 
three  possible  types  of  subcritical  crack  growth  data:  fatigue 
crack  growth  rate  data,  sustained  load  crack  growth  rate  data, 
and  stress  corrosion  cracking  threshold  data;  Section  1.6  details 
the  formats  used  to  present  these  data. 

To  aid  the  handbook  user  locate  data,  examples  of  actual 
tables  and  figures  follow.  These  examples  are  presented  to 
familiarize  the  user  with  the  formats  presented  in  the  handbooK. 
Each  table  or  figure  is  discussed  as  it  is  presented.  The 
discussion  follows  the  same  order  as  that  found  in  the  handbook. 

1.2  GENERAL  COMMENTS  ABOUT  SORTING  ORDER  AND  ABBREVIATIONS 

1.2.1  Sorting  Order 

Table  1.3  describes  the  sorting  order  for  all 
mechanical  property  data  types.  The  left  column  lists  the  primary 
(material)  data  fields  that  have  been  sorted;  the  right  column 
then  lists  the  specific  sorting  order  of  each  material  data  field. 
In  all  the  following  discussions,  when  a  primary  data  field  is 
noted  as  being  sorted,  the  order  of  the  sorting  is  as  listed  in 
Table  1.3.  The  primary  data  fields  are  also  sorted;  however, 
because  the  different  data  fields  have  different  significance 
for  individual  mechanical  property  types,  the  sorting  order  is 
noted  as  each  mechanical  property  data  format  is  discussed. 

For  all  property  data  types,  the  property  data  are  generally 
sorted  in  the  order  of  first  five  primary  data  fields  listed 
in  Table  1.3. 

1.2.2  Abbreviations 

To  ensure  that  all  the  necessary  information  is 
presented  in  the  data  tables  and  figures,  specific  abbreviations 
have  been  employed  throughout  the  handbook.  The  abbreviations 
can  be  broken  down  into  six  categories  that  cover  the  following 


TABLE  1.3 

SORTING  ORDER  OF  VARIOUS  FIELDS 


DATA  FIELD 
1.  Alloy 


2.  Condition/Heat 
Treatment 


3.  Product  Forms 


4.  Test  Temperatures 


5.  Specimen  Orientation 


6.  Yield  Strength 

7.  Buckling  Constraints 


SORTING  ORDER 


Blank 

Punctuation  Marks  (e.g.,  -) 

Alphabetic  Characters  (e.g.,  T) 

Numeric  Characters  (e.g.,  6) 

Blank 

Punctuation  Marks 
Alphabetic  Characters 
Numeric  Characters 

! 

Sheet  j 

Plate 

Forging 

Extrusion 

Forged  Bar 

Billet  i 

Casting 

Round  Bar 

Welded  and  Stress  Relieved  | 

Weldment  I 

Disk  ! 

Extruded  Bar 
Rolled  Bar 

Bar  i 

1 

Negative  Test  Temp.  (-423®F,  -300°F)  j 

From  O^F  to  65°F  (0®F,  32‘’F  etc.) 

From  65 "F  to  80®F  (R.T.) 

Above  aO^F  (85®F,  200°F,  etc.)  ! 


L-T 

T-S 

T-L 


L-C 

C-L 

L-R 

R-L 

R-C 

C-R 

Lowest  to  Highest 

Buckling  of  Crack  Edges  Not  Restrained 
Buckling  of  Crack  Edges  Restrained 
Buckling  of  Crack  Edges  Unknown 
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data  fields:  (1)  material,  (2)  condition/heat  treatment,  (3)  pro¬ 
duct  form,  (4)  environment,  (5)  specimen  design,  and  (6)  specimen/ 
crack  orientation.  The  abbreviations  and  associated  descriptions 
for  these  six  categories  can  be  found  in  Tables  1.4  through  1.8 
and  Figure  1.1,  respectively. 

1.3  MATERIAL  CHAPTER  SUMMARIES 

Material  summaries  are  presented  at  the  beginning  of  each 
chapter  before  any  alloy  summaries  or  detailed  data.  These 
summaries  are  meant  to  aid  in  the  selection  of  materials  for 
design  and  for  basic  comparisons  of  property  data.  There  are 
five  possible  material  summaries  (see  Table  1.2),  each  of  which 
compare  availability  or  properties  of  damage  tolerant  data  for 
the  given  alloys,  heat  treatments,  and  product  forms  of  a  particu¬ 
lar  material.  The  five  summaries  immediately  follow  the  text 
of  introductory  remarks  that  discuss  the  data  for  that  material. 

1.3.1  Available  Data  Summary 

Figure  1.2  is  the  first  page  of  the  available  data 
summary  for  the  stainless  steel  chapter.  As  noted,  the  first 
number  in  the  data  summary  table  is  a  "3"  which  indicates  that 
this  is  the  third  chapter;  the  second  number  is  a  "0"  indicating 
that  this  is  a  material  summary;  the  third  number  is  a  "1"  which 
indicates  that  this  is  the  first  table  in  the  material  summary 
section.  Note  that  the  table  numbers  for  subsequent  data 
summaries  only  change  in  the  third  digit,  except  for  the  fatigue 
crack  growth  rate  summary  (see  below) . 

The  available  data  summary  defines  the  property 
data  that  are  available  in  the  chapter  by  alloy,  by  condition/heat 
treatment,  and  by  product  form.  The  six  different  types  of  data 
are  listed  generally  across  the  top  f  the  table;  an  "x"  is 
marked  in  the  appropriate  column  to  identify  the  particular 
property  data  that  exists  for  the  given  alloy,  condition/heat 
treatment,  etc.  The  alloys  are  listed  in  the  order  that  they 
appear  in  the  handbook  using  the  sorting  order  outlined  in  Table 
1.3.  This  sorting  order  was  created  using  a  system 


TABLE  1.4 


ABBREVIATIONS  FOR  MATERIAL  SYSTEMS 


Abbreviation 


Materials 


ALUM 

TITAN. 

NICKEL 
STAIN.  STEEL 
ALLOY  STEEL 


Aluminum  Alloys 
Titanium  Alloys 
Nickel-Base  Alloys 
Stainless  Steel  Alloys 
Steel  Alloys 


TABLE  1.5 

ABBREVIATIONS  FOR  ALLOY  CONDITIONING  AND  HEAT  TREATMENTS 


Abbreviation 


Condition/Heat  Treatment 


OQ 

ABQ 

AC 

WC 

MA 

BA 

DA 

RA 

ST 

STA 


Oil  Quenched 

Aus-Bay  Quench 

Air  Cool 

Water  Quench 

Mill  Anneal 

Beta  Anneal 

Duplex  Anneal 

Recrystallize  Anneal 

Solution  Treated 

Solution  Treated  And  Aged 


TABLE  1.6 

ABBREVIATIONS  FOR  PRODUCT  FORMS 


Abbreviations 

Product  Form 

S 

Sheet 

P 

Plate 

E 

Extrusion 

F 

Forging 

FB 

Forged  Bar 

BT 

Billet 

BR 

Round  Bar 

RB 

Rolled  Bar 

C 

Casting 

W 

Weldment 

D 

Dit^k 

EB 

Extruded  Bar 

B 

Bar 
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TABLE  1.7 

ABBREVIATIONS  FOR  ENVIRONMENTAL  SYSTEMS 


Abbreviations 


Environmental  System 


R.  T. 

L.  H.  A. 

Dry  Air 
H.  H.  A. 

Lab.  Air 
Dist.  H2O 
Dist.  Wat6;r 
3.5  PCT  Nad 
JP.  4 

JP.4  -  Fuel 

S.  T.  W. 

S.  S.  W. 

S.  C.  S. 

F.  C.  S. 

Salt  Fog 
Temp. 


Room  Temperature  (65®F-80“F) 

Low  Humidity  Air  (  <  10%  RH) 

Low  Humidity  Air  (  <  10%  RH) 

High  Humidity  Air  (>  80%  RH) 

Laboratory  Air  (%  RH  unspecified) 

Distilled  Water 

Distilled  Water 

3.5%  Salt  Water  Solution 

JP-4  Aircraft  Fuel 

JP-4  Aircraft  Fuel 

Sump  Tank  Water 

Simulated  Sea  Water 

Shop  Cleaning  Solvent 

Field  Cleaning  Solvent 

Salt  Fog 

Temperature 


TABLE  1.8 

ABBREVIATIONS  FOR  SPECIMEN  DESIGNS 


Abbreviations 


Specimen  Design* 


CT 

NB 

WOL 

CCP 

BWOL 

CANT 

TDCB 

CHAR 

PTSC 

SENT 

KbBAR 

4-NB 

MCT 

CNT 

DCB 

BDCB 


Compact  Tension 

3Pt.  Notched  Bend 

Wedge  Open  Load 

Center  Cracked  Panel 

Bolt  Loaded-Wedge  Open  Load 

Cantilever  Beam 

Tapered  Double  Cantilever  Beam 

Charpy 

Part  Through  Surface  Crack 
Single  Edge  Notch  Tension 
Kg  Bar 

4  Pt.  Notched  Bend 

Modified  Compact  Tension 

Center  Notched  Tension 

Double  Cantilever  Beam 

Bolt  Loaded  Double  Cantilever  Beam 


*Also  note  that  when  ”SG"  is  used  in  conjunction  with  a 
specimen  design,  the  specimen  is  side-grooved  along  the 
path  of  the  crack. 
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Figure  1-2.  Sample  Data  Summary  Table,  Taken  From  Table 
(Stainless  Steel  Alloys) . 


sort  of  the  database  and  sorts  the  alloys  with  designations 
using  blanks,  punctuation  marks  and  alphabetic  characters 
first  with  numeric  characters  following.  Heat  treatments  and 
conditions  are  also  sorted  in  this  same  manner.  Following  the 
sort  by  alloy  and  by  condition/heat  treatment,  the  property 
data  are  then  sorted  according  to  product  form.  The  particulars 
of  the  sorting  by  product  form  are  also  outlined  in  Table  1.3 
with  sheet  data  listed  before  plate,  forging,  extrusion,  etc. 

1.3.2  Plane  Strain  Fracture  Toughness  Material 
Data  Summary 

The  first  page  of  the  stainless  steel,  plane-strain 
fracture-toughness-data  summary  is  shown  in  Figure  1.3.  This 
is  the  second  possible  material  summary  and  the  third  table  digit 
is  "2".  The  data  are  again  sorted  and  separated  on  the  data 
fields  of  alloy,  condition/heat  treatment  and  product  form.  All 
data  listed  are  for  room  temperature  (65®F  -  80°F)  laboratory 
air  only.  Plane  strain  fracture  toughness  mean  values  and 
standard  deviations  are  listed  for  the  three  major  orientations; 
that  is,  L-T,  T-L  and  S-L.  Product  thickness  range  and  minimum 
specimen  thicknesses  are  listed  for  general  information.  Dashes 
in  a  particular  column  indicate  that  no  mean  plane  strain 
fracture  toughness  data  exist  for  the  stated  conditions. 

1.3.3  Plane  Stress  and  Transitional  Fracture 
Material  Data  Summary 

The  plane  stress  and  transitional  fracture  tough¬ 
ness  data  summary  is  presented  third  in  the  series  of  summaries. 
Figure  1.4  illustrates  that  these  tables  are  presented  as  a 
function  of  whether  the  data  are  collected  using  specimens  with 
or  without  buckling  constraints.  Note  that  in  Figure  1.4  (all 
available  titanium  data)  and  1.4b  (all  available  alloy  steel 
data)  that  the  data  are  sorted  by  alloy,  condition/heat  treatment, 
test  temperature,  specimen  orientation  and  specimen  width.  Yield 
strength  is  not  a  sorting  field  but  is  given  for  general  informa¬ 
tion.  The  mean  values  are  listed  as  a  function  of  specimen 
thickness  which  is  indicated  across  the  top  of  the  page. 
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TABLE 


Individual  data  values  are  listed  only  if  useful  in  determin¬ 
ing  a  trend  in  the  data.  Specimen  thickness  variations  run  along 
the  top  of  the  page  and  may  vary  from  one  table  to  another  in 
order  to  prevent  overcrowding  the  tables  while  still  accommodating 
all  of  the  data. 


1.3.4 


Fatigue  Crack  Growth  Rate  Material  Data  Summary 


An  example  fatigue  crack  growth  rate  (FCGR)  summary 
is  presented  in  Figure  1.5  where  the  data  are  taken  from  the  Stain¬ 
less  Steel  Chapter.  Note  that  the  data  are  from  Table  3. 0.3.1, 
a  four  number  sequenced  designation.  The  first  two  numbers  again 
indicate  the  chapter  (3)  and  the  summary  section  (0).  The  third 
number  in  the  sequence  (3)  indicates  that  this  is  the  third 
ordered  table  in  the  material  summary  (Note  that  insufficient 
plane  stress  and  transitional  fracture  toughness  data  were 
available  for  this  material  so  no  summary  table  of  the  type 
was  generated) .  The  fourth  number  in  the  sequence  (1)  indicates 
that  this  is  the  first  ordered  table  in  the  fatigue  crack  growth 
rate  summary.  Readers  will  find  one  table  for  each  specimen 
orientation  for  which  there  is  enough  data  for  the  table  to  have 
meaning . 


All  data  in  a  particular  table  were  collected 
under  conditions  where  the  stress  ratio  (R)  is  between  0.0  and 
0.1,  and  the  environment  is  room  temperature  and  laboratory  air; 
the  loading  frequencies  vary  slightly  depending  on  the  individual 
tests.  The  range  of  test  conditions  are  listed  at  the  top  of 
each  table.  Beneath  the  general  description  of  test  conditions 
are  the  data  fields  of  alloy,  condition/heat  treatment  and 
product  form  for  which  the  FCGR  data  comparisons  can  be  made. 

The  AK  (Delta  K)  levels  are  listed  across  the  top  of  the  table 
and  are  identical  to  some  of  the  levels  associated  with  the 
tabular  format  of  the  mean  trend  FCGR  data,  i.e.,  at  levels 
of  2.5,  5.0,  10.0,  20.0,  50.0,  100.0  Ksi  /in.  (see  Section 
1.6  for  a  listing  of  all  mean  tj'end  AK  levels)  .  The  fatigue  crack 
growth  rates  in  units  of  10  ^  inches/cycles,  are  listed  in  the 
appropriate  columns  and  rows  according  to  the  alloy,  condition/ 
heat  treatment,  and  product  form  for  which  they  apply.  With 
this  format,  it  is  easy  to  determine  which  materials,  heat 


treatments , or  product  forms  have  the  lowest  growth  rate  at  a 
particular  AK  level.  For  example,  based  on  the  data  given  in 
Figure  1.5,  annealed  and  aged  304  stainless  steel  performs 
better  than  annealed  304  stainless  steel. 

1.3.5  Stress  Corrosion  Cracking  Threshold  Material 

Data  Summary 

Figure  1.6  illustrates,  using  Table  3.0.4,  the  format 
for  the  stress  corrosion  cracking  threshold  material  data  summary, 
the  fifth  possible  material  data  summary.  Because  of  the  small 
number  of  specimens  (typically  one  or  two)  that  are  used  to 
generate  these  data,  individual  results  are  presented  here  rather 
than  means  and  standard  deviations.  The  data  are  sorted  by  alloy, 
condition/heat  treatment,  product  form  and  specimen  orientation. 
Possible  environments  for  which  data  exist  are  listed 

across  the  top  of  the  table;  data  values  for  each  particular 

environment  are  listed  in  the  appropriate  row  and  column.  This 
table  summary  allows  for  comparisons  of  values  of  various 

materials  in  a  particular  environment  as  well  as  a  quick  assess¬ 
ment  of  how  various  environments  affect  a  particular  material. 


1.4  ALLOY  SECTION  SUMMARIES 

Following  the  material  summaries,  the  data  were  divided  into 
sections  by  alloy.  Each  alloy  section  is  further  subdivided  into 
three  subsections:  a  summary  subsection,  a  fracture  toughness 
subsection,  and  a  crack  growth  resistance  subsection.  The  data 
content  and  format  for  these  three  subsections  are  described  in 
this  and  the  following  two  subsections,  respectively. 

There  are  two  possible  alloy  summaries,  a  plane  strain 
fracture  toughness  summary  and  fatigue  crack  growth  rate  data 
summary.  Figure  1.7  presents  the  tabular  format  for  the 
alloy  summary.  It  is  similar  to  the  material  summary  in  that 

the  mean  and  standard  deviation  for  a  particular  condition/heat 
treatment,  product  form  and  specimen  orientation  is  given  for 
each  alloy.  However,  the  number  of  specimens  used  to  generate 
the  data  has  been  added.  The  data  has  also  been  sorted  by  product 
form  first,  then  condition/heat  treatment  and  specimen  orientation. 


INOIVIlMIAt,  STSeSS  COAROSION  CRACKING  TIIRP£IIOU>  DATA  FOR 
STAINLESS  STEEL  ALLOYS  AT  ROOM  TEMPERATURE 


gure  1.6.  Summary  of  Stress  Corrosion  Cracking  Threshold  Material  Data, 
Taken  from  Table  3.0.4  (Stainless  Steel  Alloys). 


This  sununary  basically  puts  all  the  data  for  a  particular 
condition  and  product  form  together  for  easy  comparison.  It  also 
allows  for  a  quick  assessment  of  the  effect  that  orientation  has 
on  the  fracture  toughness. 

The  FCGR  alloy  data  summaries  shown  in  Figure  1.8  are 
similar  to  the  FCGR  material  data  summaries  described  previously. 
Note  that  for  a  particular  alloy,  the  data  are  separated  by  the 
test  variables  of  specimen  orientation  and  environment  which 
are  listed  at  the  top  of  each  page.  Other  test  variables  such 
as  condition/heat  treatment,  product  form,  stress  ratio  and 
frequency  are  then  listed  for  the  data  as  noted.  Typically,  a 
number  of  FCGR  data  summaries  are  produced  to  describe  the  effects 
of  specimen  orientation  and  environments.  Sorting  on  specimen 
orientation  is  as  shown  in  Table  1.3  and  sorting  on  environment 
is  in  the  order  described  in  Table  1.9.  With  these  summary 
tables,  it  is  possible  to  determine  which  condition/heat  treatment 
and  product  form  give  the  lowest  FCGR  in  a  given  environment 
for  a  given  specimen  orientation.  Discrepancies  in  data  sets  can 
also  be  noted  as  well  as  a  quick  determination  of  how  stress  ratio 
and  frequency  affect  the  data  in  a  particular  environment. 

1.5  ALLOY  FRACTURE  TOUGHNESS  SUBSECTION  FORMATS 

Within  each  alloy  section  following  the  alloy  summaries 
is  the  fracture  toughness  type  data.  Fracture  toughness  data 
consists  of  plane  strain  data  ,  plane  stress  and  transitional 

fracture  toughness  data  (K^) ,  and  resistance  curve  data  (R-curves) 
Each  of  these  has  a  different  and  yet  somewhat  similar  ordering 
scheme  which  is  particuarly  suited  to  that  type  of  data. 

1.5.1  Plane  Strain  Fracture  Toughness 


The  format  for  the  plane-strain  fracture  toughness 
data  is  shown  in  Figure  1.9.  This  particular  example  is  taken 
from  the  stainless  steel  chapter  for  alloy  AFC  77.  The  data  are 
sorted  by  condition/heat  treatment,  then  product  form,  test 
temperature,  orientation  and  yield  strength  using  the  sorting 
order  identified  in  Table  1.3.  All  K,_  data  collected  for  these 


Figure  1.8.  Format  for  Alloy  Fatigue  Crack  Growth  Rate  Data  Summary,  Dat 
from  Table  3 . 8 . 1 . 4 ,  PH  13-8  Mo  Stainless  Steel. 


TABLE  1.9 


ORDERING  SCHEME  FOR  ENVIRONMENT 


Dry  Air 

Low  Humidity  Air 

Negative  Temperatures/Air 

0®F  to  Room  Temperature 

Room  Temperature/Laboratory  Air 

Above  Room  Temperature/Air 

Argon 

High  Humidity  Air 
JP-4  Fuel 

Water  Saturated  JP-4  Fuel 
Alternating  JP-4  Fuel 
Distilled  Water 
Nitrogen 

Solvent  Cleaning  Solution 
3.5%  Nad 
Sump  Tank  Water 
Simulated  Sea  Water 
Salt  Fog 

Field  Cleaning  Solvent 


same  pareuneters  are  put  together  with  the  mean  and  standard 

deviation  listed  in  a  column  near  the  right  of  the  page.  Product 

thickness  is  listed  after  product  form,  but  is  not  a  sorting 

parameter.  Specimen  dimensions  including  thickness,  width  and 

crack  length  are  also  listed,  but  are  not  listed  in  any 

2 

particular  order.  The  2.5  criterion  value  is  included 

for  information  purposes  only.  Two  additional  columns  list  the 
date  of  the  reference  and  the  reference  number  so  that  an  idea 
of  when  the  data  were  collected  can  be  assessed,  and  where 
additional  information  might  be  obtained  should  it  be  desired. 
Reference  numbers  from  the  earlier  handbook  have  been  retained 
and  new  data  have  been  assigned  a  new  reference  number  with  the 
first  two  digits  signifying  the  organization  or  journal  from 
which  the  data  was  obtained.  Table  1.10  lists  the  general  format 
for  new  reference  nximbers.  The  final  col\jmn  at  the  right  hand 
side  of  the  page  refers  to  the  notes  at  the  bottom  and  are  used 
to  indicate  out-of-range  compositions,  average  data  values,  and 
other  identifying  important  features. 


1.5.2  Plane  Stress  Fracture  Toughness  Data 


The  format  for  presenting  plane  stress  fracture 

toughness  (K^)  data  is  presented  in  Figure  1.10.  The  sorting 

format  for  the  plane  stress  fracture  toughness  (K^)  data  within 

a  particular  alloy  section  is  by  condition,  then  buckling  of 

crack  edges  restrained,  unrestrained,  or  unknown,  and  then  by 

product  form,  test  temperature,  specimen  orientation,  specimen 

thickness  and  specimen  width.  Additionally,  initial  and  final 

crack  lengths  are  given  as  a  function  of  the  total  crack  length 

(2a)  for  center-cracked  panel/specimens.  Also,  the  onset  and 

maximum  gross  stress  values  are  listed  when  available.  The 

fracture  toughness  parameters  and  are  calculated  as 

described  in  Chapter  2  and  the  individual  as  well  as  the  mean  and 

standard  deviation  values  are  listed  for  both  and  K  .  The 

c  app 

final  two  columns  present  the  date  of  the  reference  and  the 
reference  number. 


TABLE  1.10 


ft 


m 


I 


-  • 


REFERENCE  NUMBERS  FOR  NEW  DATA  AND  THE  ORGANIZATIONS 
OR  JOURNALS  ASSOCIATED  WITH  THESE  DATA 


1 .  ALxxx 

2 .  AMxxx 

3 .  BLxxx 

4 .  BWxxx 

5 .  DAxxx 

6 .  EFMxx 

7 .  FRxxx 

8 .  GDxxx 

9 .  GExxx 

10.  HDxxx 

11.  LGxxx 

12.  MAxxx 

13.  MDxxx 

1 4 .  MRXXX 

15.  NCxxx 

16.  NLxxx 

17 .  NRxxx 

1 8 .  PWxxx 

19.  RAxxx 

20.  RIxxx 

21.  UCxxx 

22.  UDxxx 

23.  UMxxx 

24.  WAxxx 


Alcoa  Laboratories  -  Alcoa  Center,  PA. 

Airesearch  Manufacturing  -  Los  Angeles,  CA. 

Battelle  Columbus  Laboratories,  Columbus,  OH 
Boeing  Military  Airplane  Co.,  Wichita,  KA 
Douglas  Aircraft  -  Long  Beach,  CA 
Journal  of  Engineering  Fracture  Mechanics 
Fairchild  Republic  -  Farmingdale,  N.Y. 

General  Dynamics  -  Fort  Worth,  TX 
General  Electric  -  Evendale ,  OH 

Westinghouse  Hanford  Development  Lab.,  Richland,  Wash. 
Lockheed  Georgia  -  Marietta,  GA. 

McDonnell  Aircraft  Co.  -  St.  Louis,  MO 

McDonnell  Douglas  Astronautics  Corp,  Huntington  Beach,  CA. 

Materials  Research  Laboratory  -  Glenwood,  IL 

Northrop  Corporation  -  Hawthorne,  CA 

NASA  Langley  Research  Center  -  Hampton,  VA. 

Naval  Research  Laboratories  -  Washington,  DC. 

Pratt  &  Whitney  Aircraft  Group  -  Government  Products 
Division  -  West  Palm  Beach  Florida 

Reynolds  Metals  Co.  -  Richmond,  VA 

Rockwell  International  -  North  American  Division  & 

Shuttle  Orbiter  Div.  -  Los  Angeles,  CA. 

University  of  Cincinnati  -  Cincinnati,  OH 
University  of  Dayton  Research  Institute,  Dayton,  OH 
University  of  Missouri  -  Rolle,  Missouri 
Wright  Aeronautical  Laboratories-  WPAFB,  OH 
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1.5.3  R-Curve  Data 


The  format  for  resistance  curve  (R-Curve)  data  is 
shown  in  Figure  1.11.  The  information  listed  at  the  top  of  the 
page  includes  the  material  type,  the  alloy,  the  condition/heat 
treatment,  the  product  form,  and  the  thickness  if  known,  the 
specimen  type  and  orientation,  the  specimen  dimensions,  thickness 
and  width,  the  value,  if  known,  and  the  reference  number. 

Unless  otherwise  specified,  the  data  were  taken  at  room  tempera¬ 
ture  in  laboratory  air  environments.  Only  one  specimen  is 
illustrated  per  figure,  and  the  figures  are  sorted  by  alloy, 
condition/heat  treatment,  test  temperature  and  environment, 
orientation  and  specimen  thickness  and  width. 

The  resistance  curve  data  are  plotted  on  linear 
scales;  the  applied  stress  intensity,  as  a  function  of 

the  change  in  effective  crack  length  (see  Chapter  2  for  the 
details  associated  with  the  calculation).  There  are  two  possible 
scales  for  the  data;  (1)  the  vertical  scale  ranging  from  0  to 
120  Ksi  /in.  and  horizontal  scale  ranging  between  0.0  to  1.1 
inches,  and  (2)  the  vertical  scale  ranging  from  0.0  to  240 
Ksi  /Tn.  and  the  horizontal  scale  ranging  between  0.0  and  3.3 
inches.  These  two  scales  were  chosen  to  accommodate  all  the  data. 

1.6  ALLOY  SUBCRITICAL  CRACK  GROWTH  SUBSECTION  FORMATS 

The  subcritical  crack  growth  data  follow  the  fracture 
toughness  data  within  each  alloy  section.  The  subcritical  crack 
growth  data  includes:  fatigue  crack  growth  rate  data,  sustained 
load  crack  growth  rate  data,  and  stress  corrosion  cracking 
threshold  data. 

1.6.1  Fatigue  Crack  Growth  Rate  Data 

The  fatigue  crack  growth  rate  data  are  presented 
in  two  complementary  formats  -  a  graphical  format  and  a  mean 
trend  tabular  format.  Figure  1.12  represents  the  graphical 
format  which  was  chosen  to  present  fatigue  crack  growth  rate 
data.  Basic  information  common  to  all  data  on  a  particular  page 
is  listed  at  the  top  of  the  page  in  the  header  section.  Below 
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CONOITION/HT;  T351 
FORM:  .  19'  TH  SHEET 

SPECIMEN  TYPE:  CCP 
ORIENTATION:  L-T 


SPECIMEN  THK:  .181" 
SPECIM^  WIDTH:  11.  888" 
K-lKiiyin): 

REFERENCE:  DA08 1 


CHANGE  INEFFECTIVE  CRACK  LENGTH  -  A  A  -  (In) 


Figure  1.11, 


Format  for  Resistance  Curve  (R-Curve)  Data 
Example  Taken  from  Figure  7. 5. 2. 6,  2024 
Aluminum  Alloy. 


CONOITION/HT:  H1000 
FORM:  1.00"TH  FORGED  BAR 

SPECIMEN  TYPE:  CT 
ORIENTATION:  T-L 
FREOUENCY:  1. 0  HZ 

ENVIRONMENT:  R.  T.  .  H.  H.  A- 


YIELD  STRENGTH:  218.  0  KSl 
ULT.  STRENGTH:  222.  8  KSl 
SPECIMEN  THK:  0.  489-  0.  504" 

SPECIMEN  WIDTH:  3.882-  4.  117' 

REFERENCES:CO009 


STAIN. 

STEEL 


PH13-8M 


the  header  section,  there  are  four  separate  graphs  on  which  the 
data  are  plotted.  Each  graph  contains  only  data  taken  under 
identical  conditions.  Data  are  presented  in  each  of  the  different 
graphs  to  show  trends  in  behavior.  The  data  on  a  page  may 
describe  the  effects  of  one  of  three  parameters:  stress  ratio, 
temperature/environment,  and  frequency.  In  order  to  accommodate 
these  three  variations,  the  header  data  at  the  top  is  slightly 
varied  and  the  parameter  being  varied  (e.g.  stress  ratio)  is 
listed  at  the  top  of  each  of  the  active  graphs  as  shown  in 
Figure  1.12. 

The  header  information  at  the  top  includes  the 
material  and  alloy  identifications  listed  in  the  small  boxes  in 
the  upper  right  hand  corner  of  each  page  for  ease  in  locating 
the  data.  The  condition/heat  treatment  is  then  listed  at  the 
top  of  the  header.  Below  this,  test  and  material  parameters  are 
listed  in  two  columns;  the  first  column  listing  the  product  form 
and  product  thickness,  specimen  type,  specimen  orientation  and 
the  two  of  the  three  parameters  (i.e.,  stress  ratio,  test  tempera¬ 
ture/environment,  frequency)  not  being  varied  on  that  partiuclar 
page.  The  second  column  lists  the  room  temperature  tensile  yield 
and  ultimate  strengths,  the  specimen  dimensions  of  thickness  and 
width,  and  the  reference  numbers  identifying  the  data  source. 

All  data  are  plotted  as  fatigue  crack  growth  rate 

(da/dN)  as  a  function  of  the  range  in  the  stress  intensity 

factor  (AK) .  The  graphs  are  equal  sized  log-log  plots  ranging 
—8  —I 

from  10  to  10  inches/cycle  for  the  growth  rates  (i.e.,  seven 
decades),  and  from  1  to  200  Ksi  /in  for  values  of  AK .  The 
definition  of  AK  according  to  ASTM  Standard  E647  was  chosen  for 
data  presentation  throughout  the  handbook,  i.e.,  AK  =  the  maximum 
stress-intensity  factor  if  the  stress  ratio  is  negative  (R_<0). 

For  other  details,  see  Chapter  2. 


English  units,  i.e.,  inches/cycle  for  growth  rates 
and  Ksi  /Tn.  for  AK,  are  listed  to  the  left  and  the  bottom  of 
each  page.  Metric  units,  i.e.,  millimeters/cycle  for  growth  rate 
values  and  megapascales  /m  for  AK,  are  listed  at  the  top  and 
right  of  each  page. 

By  reviewing  Figure  1.12,  it  can  be  noted  that  there 
are  two  different  data  symbols  utilized  in  each  graph.  The  two 
different  symbols  represent  data  from  two  different  tests.  Up 
to  twenty  different  tests  can  be  accommodated  with  the  symbols 
defined  in  Table  1.11.  Each  graph,  however,  is  restricted  to 

a  maximum  of  300  da/dN-AK  points;  if  the  amount  of  data  greatly 
exceeded  these  values,  the  data  were  separated  onto  two  plots  and 
the  variable  listed  in  each  of  the  graphs  is  exactly  the  same. 

Mean  trend  curves  have  been  established  for  each  data  set  and  can 
be  seen  going  through  the  data  on  most  of  the  graphs.  The  mean 
trend  was  developed  using  a  cubic  spline  polynomial  with  the  ability 
to  control  some  aspects  of  the  curve  fit.  The  method  is  described 
in  detail  in  Chapter  2.  Fatigue  crack  growth  rate  data  containing 
less  than  eight  data  points  are  plotted  but  mean  trend  curves  were 
not  established  for  these  data. 

Fatigue  crack  growth  rate  data  are  sorted  slightly 
differently  than  fracture  toughness  data.  Within  a  particular  alloy, 
the  data  are  sorted  first  by  condition/heat  treatment  (using  the 
order  discussed  in  Table  1.3)  then  by  product  form  and  thickness 
with  the  order  for  product  form  defined  as  in  Table  1.12.  The 
product  form  order  was  altered  to  keep  the  data  on  forged  and 
extruded  bars  near  the  data  for  forgings  and  extrusions,  respec¬ 
tively.  The  sort  on  product  thickness  after  product  form  is  by 
increasing  thickness.  The  next  sort  is  by  specimen  orientation 
using  the  order  defined  by  Table  1.3  and  is  followed  by  a  sort  by 
type  of  plot. 


TABLE  1.11 


LIST 

IN 

OF  POSSIBLE  SYMBOLS  USED  FOR  EACH 
THE  GRAPHICAL  PRESENTATION  OF  THE 
CRACK  GROWTH  RATE  DATA 

SPECIMEN 

FATIGUE 

Test 

Order  No. 

Symbol 

Test 

Order  No. 

Symbol 

1 

C9 

11 

X 

2 

O 

12 

m 

3 

A 

13 

z 

4 

-► 

14 

1 

5 

X 

15 

« 

6 

♦ 

16 

♦ 

7 

17 

■ 

8 

18 

• 

9 

z 

19 

★ 

10 

Y 

20 

— 

TABLE  1.12 

ALTERNATE  PRODUCT  FORM  SORTING  ORDER 

FOR  CRACK  PROPAGATION  DATA 

Sheet 

Plate 

Bar 

Billet 

Disk 

Extrusion 
Extruded  Bars 
Forgings 
Forged  Bars 
Rolled  Bars 
Round  Bars 
Castings 
Weldments 


In  the  final  series  of  sorts,  the  data  are  ordered 
so  that  all  the  pages  where  the  data  varies  on  stress  ratio  are  V'i 

placed  before  the  data  that  varies  on  test  temperature/environment ; 
these  data  are  placed  before  any  data  which  varies  on  frequency. 

When  there  are  a  number  of  stress  ratio  plots,  within  these  data 
sets,  the  data  are  sorted  by  test  temperature/environment  using 
the  order  listed  in  Table  1.9.  If  there  are  a  number  of  stress 
ratio  plots  which  also  have  the  same  test  temperature/environment, 
then  the  final  sort  is  in  order  of  decreasing  frequency.  Within 
the  group  of  test  temperature/environment  plots  that  follow 
the  stress  ratio  plots,  these  are  also  sorted  additionally  by 
increasing  stress  ratio  then  further  by  decreasing  frequency  if 
necessary.  Within  the  group  of  frequency  plots,  which  follow 
the  temperature/environment  plots,  the  data  are  further  sub¬ 
divided  by  increasing  stress  ratio  and  then  by  the  test  tempera¬ 
ture/environment  sort  of  Table  1.9  if  necessary.  The  above 
organizational  scheme  was  established  for  easy  comparison  of 
data  and  to  define  the  effects  that  defined  variables  had  on 
crack  growth  rate.  For  other  types  of  comparisons,  it  may  be 
necessary  to  search  through  a  subsection  to  find  all  the  data  of 
interest. 

As  stated  earlier,  in  addition  to  the  graphical 
presentation  there  also  exists  a  tabular  format  of  the  mean  trend 
values.  This  format  is  presented  in  Figure  1.13.  The  tabular 
format  and  the  graphical  format  will  be  presented  side-by-side 
in  the  handbook  with  the  tabular  format  on  the  left  and  the 
graphical  format  on  the  right.  Figure  1.13  is  the  tabular  format 
of  the  data  presented  in  Figure  1.12.  Note  that  the  Table  and 
Figure  numbers  are  identical. 

On  examination  of  Figure  1.13,  one  can  see  that  the 
Table  can  be  broken  up  into  six  sections.  These  sections  are 
identified  as:  (1)  the  header  section,  (2)  the  maximum  AK- 
da/dN  values  section,  (3)  the  mean  trend  fatigue  crack  growth 
rate  values  at  the  specified  values  of  .-K  section,  (4)  the 
maximum  AK  -  da/dN  values  section,  (5)  the  root  mean  square  oer- 
cent  error  (RMSPE)  section,  and  (6)  the  life  prediction  ratio  section. 
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Section  1,  the  header  section,  does  not  include  all 
the  header  information  that  is  listed  on  the  graphical  format. 

Here  only  the  material,  alloy,  condition/heat  treatment  and 
environment  (if  it  is  a  stress  ratio  plot)  are  listed.  Beneath 
the  fatigue  crack  growth  rate  data  header  are  the  axes  lables 
AK  (Delta  K)  and  da/dN.  The  letters  A,  B,  C,  and  D,  under  the 
da/dN  label,  correspond  to  the  same  identifying  letters  on  the 
four  plots  on  the  graphical  format.  Below  these  letters  are  the 
abbreviations  of  E  for  Environment,  R  for  Stress  Ratio,  and 
F  for  Frequency  which  identifies  the  variable  for  this  particular 
data  set.  Following  these  abbreviations  are  the  values  of  the 
variables  for  this  data. 

Section  2  lists  the  minimum  AK  values  to  the  left 
and  the  corresponding  da/dN  values  in  the  appropriate  column. 

These  points  present  the  slowest  crack  growth  rate  on  the  mean 
trend  curves  shown  in  Figure  1.12. 

Section  3  lists  the  mean  trend  values.  The  AK  values 
are  listed  to  the  left  and  the  da/dN  values  are  listed  for  each 
curve  to  the  right  in  the  appropriate  column.  However,  the  AK 
values  are  now  fixed  values  and  the  growth  rates  in  the  columns 
correspond  to  these  AK  values  for  the  individual  graphs. 

There  are  28  possible  AK  values  ranging  from  1  to  200  ksi  /xn; 
the  specific  values  utilized  are  1.0,  1.3,  1.6,  2.0,  2.5,  3.0, 

4.0,  5.0,  6.0,  7.0,  8.0,  9.0,  10.0,  13.0,  16.0,  20.0,  25.0, 

30.0,  40.0,  50.0,  60.0,  70.0,  80.0,  90.0,  100.0,  130.0,  160.0, 
and  200.0  Ksi  /in. 

Note  that  in  Figure  1.13  all  28  AK  values  are  not 
listed,  only  those  in  which  there  was  a  mean  trend  data  available 
for  at  least  one  of  the  graphs.  This  means  that  in  this  case 
(Figure  1.12)  all  AK  values  less  than  7.0  and  greater  than  60.0 
Ksi  /Tn.  are  not  included  since  none  of  the  curves  had  data 
outside  this  range. 


Table  3.8.3.14 

FAT 1 CUE  CRACK  OROWTH  RATES  AT  DEFINED  LEVELS 
OF  STRESS  INTENSITY  FACTOR 

DATA  ASSOCIATED  WITH  FIGURE  3. 8 . 3. 14  INDICATING  EFFECT 

OF  STRESS  RATIO 


MATERIAL:  STAINLESS  STEEL  PHIS-SMO 

CONDITION:  HIOOO 

ENVIRONMENT;  R.  T.  .  H.  H.  A. 

DELTA  K 

DA/DN  (10-»*-6 

IN.  /CYCLE) 

(KSI*IN**l/2) 

A 

B 

C 

D 

R«+0.  10 

R=+0.  30 

R»+0.  50 

A:  11.42 

.  928 

DELTA  K  B;  9.  13 

.  466 

MIN  C:  6.  87 

.  299 

D: 

7.  00 

.  342 

8.  00 

.  468 

9.  00 

.  625 

10.  00 

.  543 

1.  08 

13.  00 

1.  09 

2.  16 

3.  06 

16.  00 

2.  57 

4.  48 

5.  84 

20.  00 

6.  71 

9.  37 

11.  6 

Xi0 

25.  00 

IS.  3 

19.  2 

24.  3 

30.  00 

26.  6 

34.  6 

47.  9 

35.  00 

38.  7 

58.  0 

91.  9 

40.  00 

52.  4 

92.  8 

174. 

50.  00 

108. 

215. 

607. 

60.  00 

259. 

A.  62.  14 

303. 

DELTA  KB:  56.  12 

339. 

MAX  C:  50.  46 

643. 

D: 

ROOT  MEAN  SQUARE  33.  16 

14.  35 

12.  25 

PERCENT  ERROR 

LIFE  0.  0-0.  S 
PREDICTION  0.  5-0.  8 
RATIO  /  0.9-1.25 

SUMMARY  1.25-2.0 
(NP/NA)  >2.0 


Figure  1.13. 


Tabular  Format  for  Fatigue  Crack  Growth  Rate  Data; 
Tabular  Data  Corresponds  to  Graphical  Data  Shown 
in  Figure  1.12.  Example  Taken  from  Table  3.8.3.14, 
PH  13-8MO  Stainless  Steel  Alloy. 
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Section  4  identifies  the  maximum  (highest)  AK  -  da/dN 
point  on  the  mean  trend  curve  in  a  manner  similar  to  Section  2 
which  identified  the  lowest  point  on  the  curve. 

Section  5,  entitled  “The  Root  Mean  Square  Percent 
Error"  (RMSPE) ,  is  basically  a  description  of  scatter  about  the 
mean  trend  line;  that  is,  a  smaller  value  indicates  a  smaller 
scatter  than  a  larger  one.  The  calculation  of  this  value  is 
described  in  Chapter  2. 

Section  6  presents  life  prediction  information  in 
terms  of  life  prediction  ratios.  The  life  prediction  ratio 
(LPR)  is  the  number  of  cycles  predicted  (using  the  mean  trend 
curve)  divided  by  the  actual  number  of  cycles  talcen  from  the 
experimental  crack  length  versus  cycle  data  for  a  predefined 
interval.  The  actual  LPR  values  are  not  listed  but  the  results 
are  summarized.  The  data  summary  is  divided  into  five  ranges, 
that  is  LPR's  from;  (1)  0.0-0. 5,  (2)  0.5-0. 8,  (3)  0.8-1.25, 

(4)  1.25-2.0,  and  (5)  above  2.0.  The  numeric  values  in  the 
columns  across  from  the  LPR  range  represents  the  number  of 
specimens  that  had  LPR's  in  that  particular  range.  Because  some 
data  were  received  in  reduced  form  only,  i.e.,  (AK,  da/dN)  only,  not 
all  of  the  test  specimens  shown  on  the  graphs  will  have  LPR's, 
i.e.,  raw  crack  length  versus  cycle  count  data  was  not  available 
for  comparison.  The  LPR's  generally  were  found  to  be  in  the 
center  range,  indicating  an  adequate  mean  trend  fit  of  the  data. 

For  threshold  type  tests  and  for  tests  in  which  the  loads  were 
varied  frequently  through  the  test,  LPR's  tended  to  be  outside 
this  range. 

1.6.2  Sustained  Load  Crack  Growth  Rate 

The  sustained  load  crack  growth  rate  data  are 
presented  subsequent  to  the  fatigue  crack  growth  rate  data  and 
are  plotted  on  log-log  plots  in  a  manner  similar  to  the  FCGR  data 
(See  Figure  1.14).  Tabular  mean  trend  formats  are  also  presented 
where  sufficient  data  exists  (See  Figure  1.15).  The  data  are 


CONDITION/HT:  AUSTENITIZED  AT  20 10F,  QUENCHED  ft  TEMPERED  AT  810F 
FORM;  0.  0e"TH  SHEET  SPECIMEN  THK: 

SPECIMEN  TYPE;  SPECIMEN  WIDTH; 

ORIENTATION;  CRACK  LENGTH  (Aq) 

YIELD  STRENGTH;  Ktscc: 

ULT.  STRENGTH;  flEFEflENCES;85544 


TABLE  3. 2. 3.1 


SUSTAINED  CRACK  GROWTH  KATES  AT  DEFINED  LEVELS 
OF  STRESS  INTENSITY  FACTOR 

DA’iA  ASSOCIATED  WITH  FIGURE  3. 2.3.1  INDICATING  EFFECT 

OF  ENVIRONMENT 


MATERIAL:  STAINLESS  STEEL  AFC  77 

CONDITION;  AUSTENITIZED  AT  201  OF,  QUENCHED  «<  TEMPERED  AT  810F 


K  MAX 

(KSI*IN*« 1/2) 


DA/DT  (10**- 3  IN/nnuR) 


A 


Q 


C 


0 


E  = 

DISTILLED  WATER 


A 

K  MAX  B 
MIN  C 
D 


A 

K  MAX  B 
MAX  C 
D 


20.  00 

1.  01 

25.  00 

30.  00 

67 

35.  00 

3.  21 

40.  00 

19.  5 

47.  00 

5213. 

ROOT  MEAN  SQUARE  62.  42 

PERCENT  ERROR 


Figure  1.15.  Tabular  Format  of  Sustained  Load  Crack  Growth  Rate 
Data.  Example  Taken  from  Table  3. 2. 3.1,  AFC  77 
Stainless  Steel  Alloy. 


plotted  to  present  time  based  crack  growth  rate  as  a  function  of 

maximum  stress-intensity  factors  on  pages  with  header  sections 

and  four  graphs  of  equal  size  with  both  English  and  Metric  units 

lining  the  sides.  Again,  the  header  information  includes  the 

material  and  the  alloy  in  the  small  boxes  in  the  upper  right 

hand  corner  of  the  pages.  The  condition/heat  treatment  is 

listed  at  the  very  top  and  the  rest  of  the  parameters  are  listed 

in  two  columns  beneath  the  condition.  The  first  column  contains 

the  parameters  of  form,  form  thickness,  specimen  type,  specimen 

orientation,  and  test  teraperature/environment ,  while  the 

second  column  contains  the  tensile  yield  strength,  specimen 

thickness  and  width,  initial  crack  length  (a^), stress  corrosion 

cracking  threshold  values,  Kiscc»  the  reference  numbers.  As 

before,  there  are  also  three  variations  on  these  plots,  that  is, 

variations  on  form  and  form  thickness,  tensile  yield  strength, 

and  test  temperature/environment.  There  are  also  some  data  sets 

in  which  condition/heat  treatment  for  a  given  alloy  is  varied;  these 

variations  were  manually  designated  on  the  plots.  In  addition  to  the 

three  basic  plot  variations  noted,  the  sustained  load  crack  growth 

rate  data  have  two  possible  growth  rate  axes.  In  order  to  accommo- 

date  the  data,  the  two  sets  of  axes  chosen  were  10  to  10  inches/hr 
-4  2 

and  10  to  10  inches/hour  (English  units) .  Both  have  maximum 
stress-intensity  values  that  range  from  1  to  200  Ksi  /in. 

Some  of  these  data  also  have  mean  trend  curves  and 
mean  trend  tables  associated  with  them.  The  mean  trend  tables 
are  again  presented  directly  opposite  to  the  graphical 
presentation  of  the  data, similar  to  that  done  for  the  fatigue 
crack  growth  rate  data.  Figure  1.15  is  the  tabular  format  of  the 
data  in  Figure  1.14.  The  format  of  this  table  is  similar  to 
the  fatigue  crack  growth  rate  data,  so  little  further  explanation 
is  warranted.  All  of  these  data  were  received  in  reduced  form, 
and  therefore,  no  LPR's  are  given;  due  to  the  nature  of  the  data, 
the  values  of  the  RMSPE  are  usually  larger  than  for  the  FCGR  data. 
Additionally,  mean  trend  curves  representative  of  the  data  were 

not  always  created;  for  these  cases,  no  mean  trend  curve  or  table 
is  presented. 


1.6.3  Stress  Corrosion  Cracking  Threshold 


Following  the  sustained  load  crack  growth  rate  data 
is  the  tabular  stress  corrosion  cracking  threshold  data.  An 
example  of  this  data  format  is  presented  in  Figure  1.16,  which 
is  similar  to  the  fracture  toughneri.  data  format.  The  material, 
alloy  and  data  type  are  listed  at  the  top  of  the  sheet.  To  the 
left,  the  condition/heat  treatment  is  listed,  then  product  form, 
product  thickness,  test  temperature,  specimen  orientation,  yield 
strength,  and  environment.  Following  these  parameters  are  the 
specimen  thickness,  width  and  design  as  well  as  crack  length, 
fracture  toughness,  K,.  individual  values,  mean  values,  standard 

deviations,  test  times,  dates  and  reference  numbers. 

The  data  are  sorted  according  to  (material,  alloy) 
condition/heat  treatment,  product  form,  test  temperature,  specimen 
orientation  and  environment.  The  order  of  the  sorts  are  identified 
in  Table  1.3  except  for  environment  which  is  sorted  by  the  utility 
sort,  i.e.,  by  a  sort  similar  to  that  for  alloy  and  condition/ 
heat  treatment. 


The  fracture  toughness  values  presented,  K(Q),  only 
indicate  the  level  of  crack  toughness  of  the  material;  these 
values  were  obtained  from  the  threshold  tests  and  are  not  valid 
plane-strain  fracture  toughness  values.  The  K(Q)  values,  however, 
should  provide  an  engineer  with  an  indication  of  stress-corrosion 
cracking  sensitivity  relative  to  fracture. 


In  the  Kt  tabular  data,  there  are  two  colxunns 
I  see 

in  which  asterisks  (*)  may  appear;  the  column  on  specimen  design 
and  the  column  on  K_  .  All  asterisks  that  appear  in  the  specimen 
design  column  indicate  that  the  specimen  has  been  side-grooved 
along  the  path  of  the  crack;  note  (*  =  SG)  at  the  top  of  the  column. 
The  asterisks  that  appear  in  the  column  behind  the  individual 

Kisec  values  indicate  that  the  crack  length  and/or  specimen 
thickness  were  not  greater  than  2.5  (K_  as  noted  at  the 
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Greater  than  {>)  and  less  than  (<)  signs  before 
the  _  value  indicates  that  the  actual  value  is  either 
greater  than  or  less  than  the  value  stated,  respectively.  Data 
containing  these  signs  were  considered  to  be  informative  since 
little  data  exists  and  so  were  included;  however,  the  data  were 
not  considered  definitive  and  so  were  excluded  from  mean  and 
standard  deviation  values. 
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CHAPTER  2 


METHODS  OF  CALCULATIONS 


2.0  OVERVIEW 


This  chapter  briefly  describes  the  methods  used  to  calculate 
the  daitiage  tolerant  properties  reported  in  the  Handbook.  The 
properties  reported  for  characterizing  fracture  resistance 
include: 


Kjcf  the  plane-strain  fracture  toughness 
Kq,  the  critical  plane-stress  (or  transitional) 
fracture  toughness 

^App»  apparent  plane-stress  fracture  toughness 

the  tearing  resistance 


and,  the  properties  reported  for  characterizing  subcritical  crack 
growth  resistance  include: 


•  —  ,  the  constant  amplitude  fatigue  crack  growth  rate 

dN 


,  the  sustained-load  crack  growth  rate 


‘Iscc 


,  the  threshold  for  sustained  load  cracking 


Sections  2.1  through  2.7  describe  these  properties  and  the  specific 
methods  of  calculations  utilized  to  convert  laboratory  (specimen) 
data  into  the  properties  reported. 


2.0.1  Data  Review  and  Acceptance  Criteria 


Newly  acquired  data  and  data  available  from  previous 
revisions  of  the  Handbook  were  systematically  reviewed  and  analyzed. 
The  principal  data  acceptance  criteria  were  based  on  criteria 
established  by  the  American  Society  for  Testing  and  Materials  (ASTM) ; 
these  criteria  are  embedded  within  ASTM  standards  for  test  methods 
and  practices.  Table  2.1  lists  those  standards  used  to  provide 


criteria  for  plane-strain  fracture  toughness  (K^^)  data, for  R-curve 


data,  and  for  fatigue  crack  growth  rate  (da/dN)  data.  ASTM  literature 


TABLE  2.1 


APPLICABLE  LIST  OF 
THE  ASTM  BOOK 


STANDARDS  FOUND  IN  PART  10, 
OF  STANDARDS  (1982) 


ASTM  STD 
E616-81 

E399-81 

E561-81 


TITLE 

Standard  Terminology  Relating  to 
Fracture  Testing 

Test  Method  for  Plane-Strain  Fracture 
Toughness  of  Metallic  Materials 

Practice  for  R-Curve  Determination 

Test  Method  for  Constant-Load-Amplitude 
Fatigue  Crack  Growth  Rates  Above  10“^ 
m/Cycle 


E647-81 


was  also  reviewed  to  establish  criteria  based  on  typical  engineering 
practice  for  the  other  types  of  data  collected  and  reported. 

Newly  acquired  data  was  substantially  easier  to 
process  than  the  data  available  from  previous  revisions  since  the 
data  suppliers  screened  their  data  according  to  ASTM  criteria 
before  it  was  released  to  the  data  processing  organization  (UDRI) . 
Also,  when  questions  concerning  newly  acquired  data  developed, 
the  suppliers  could  be  called  and  the  questions  resolved. 

For  the  case  of  previously  available  Handbook  data, 
it  was  necessary  to  systematically  review  the  data  employing  a 
multi-step  process.  First,  the  computer  compatible  input  data 
(computer  cards)  supplied  to  UDRI  by  MCIC  were  compared  to  the 
data  reported  in  the  1975  revision  of  the  Handbook.  When  discre¬ 
pancies  between  variables  (such  as  stress  ratio,  frequency, 
specimen  direction,  etc)  were  found,  they  were  marked  with  an 
asterisk  on  the  card  image  data  so  that  the  differences  could  be 
invest xc ated  further.  One  means  of  settling  the  discrepancy  was 
throujn  use  of  the  second  step  in  the  process  whereby  the  data 
were  compared  to  the  original  reference.  Since  the  data  on  the 
computer  cards  listed  the  specimen  identification  number,  the 
original  data  was  normally  found  with  relative  ease  and  comparisons 
made.  Every  attempt  was  made  to  consult  the  original  references 
and  verify  the  accuracy  of  these  available  data.  As  with  newly 
acquired  data,  available  data  were  also  reviewed  relative  to 
applicable  ASTM  criteria  prior  to  being  identified  as  candidate 
data  for  the  1983  revision. 

The  final  step  in  the  review  process  was  the  deter¬ 
mination  of  whether  the  data  were  a  "true"  representation  of  the 
behavior  they  described.  This  step  was  implemented  for  both  newly 
acquired  data  as  well  as  for  the  available  Handbook  data  in  order 
to  eliminate  suspect  data  through  subjective  criteria.  Unfortunacex 
it  is  not  possible  to  detail  the  subje<^tive  criteria  that  were 
employed  to  exclude  questionable  data.  It  can  be  stated  that  the 
principal  mode  of  operation  here  was  by  way  of  comparison  between 
behaviors  that  were  expected  to  be  somewhat  si.  xlar. 


2.0.2 


Fracture  Mechanics  Basis 


The  damage  tolerant  data  reported  in  this  Handbook 
utilize  the  technology  of  linear  elastic  fracture  mechanics. 

This  technology  is  widely  applied  throughout  the  aerospace  industry 
to  relate  structural  calculations  for  cracked  structures  to  material 
behavior  in  the  presence  of  cracks.  In  essence, 
fracture  mechanics  provides  a  structural  parameter,  the  stress- 
intensity  factor  (symbol  K)  which  characterizes  the  magnitude  of 
stresses  and  strains  in  the  crack  tip  region  of  essentially 
elastic  structures.  It  was  postulated  that  the  stress-intensity 
factor  represents  a  similitude  parameter  that  describes  crack  tip 
behavior  under  various  loading  conditions  (monotonically  increasing 
load,  fatigue  loading,  etc.);  the  hypothesis  has  been  verified  for 
a  wide  number  of  materials,  loading  conditions,  and  failure  type 
mechanisms.  For  a  more  thorough  review  of  linear  elastic  fracture 
mechanics  and  its  applications  to  the  aerospace  industry,  see 
AFWAL-TR-82-3073 ,  USAF  Damage  Tolerant  Design  Handbook:  Guidelines 
for  the  Analysis  and  Design  of  Damage  Tolerant  Aircraft  Structures. 

Currently,  there  are  developments  that  are  extending 
the  technology  of  fracture  mechanics  to  aid  in  the  solution  of 
crack  problems  for  which  the  assumptions  of  linear  elastic  fracture 
mechanics  are  invalid.  This  technology  is  referred  to  as  nonlinear 
fracture  mechanics  and  its  similitude  parameter  is  the  J-integral 
(J) ,  or  alternately  the  crack  tip  opening  displacement  (6) .  To 
date,  nonlinear  fracture  mechanics  has  been  successfully  utilized 
to  characterize  tearing  type  fractures  and  fractures  occurring 
in  the  presence  of  large-scale  yielding.  Some  evidence  has  been 
presented  suggesting  that  J  may  provide  a  similitude  parameter  for 
non-monotonica lly  increasing  type  loadings,  i.e.,  for  fatigue 
loadings;  but,  questions  still  exist  here.  It  is  expected  that 
subsequent  revisions  of  this  Handbook  will  include  nonlinear 
fracture  mechanics  tyre  data  such  as  3  plane-strain  fracture 

toughness  property,  and  J^-curves ,  (tearing  resistance  curves). 


2.0.3 


Test  Specimen  Geometries 


As  described  above,  the  stress-intensity  factor 
provides  a  parameter  that  can  be  used  to  establish  similitude 
between  two  cracked  structures.  This  means  that  if  the  stress- 
intensity  factor  in  structure  no.  1  equals  the  stress-intensity 
factor  in  structure  no.  2  and  if  other  conditions  (loading,  material, 
environment,  etc)  are  the  same,  then  the  cracks  in  both  structures 
will  behave  the  same  way.  This  concept  provides  the  justification 
for  conducting  material  behavior  studies  on  small  laboratory  test 
specimens  (coupons)  which  contain  cracks.  If  the  resistance  to 
cracking  in  the  laboratory  can  be  optimized  by  a  choice  of  material, 
then  improved  resistance  can  also  be  obtained  for  structural 
hardware  (given  that  the  material  can  be  fabricated  into  the  hard¬ 
ware  without  processing  degradation  taking  place) . 

The  types  of  test  specimen  geometries  that  have  been 
employed  to  generate  damage  tolerance  (fracture  mechanics)  type 
data  for  this  Handbook  are  summarized  in  Table  2.2.  Table  2.2  also 
guides  the  reader  to  individual  figures  (Figures  2.1  through  2.14) 
which  describe  the  geometries  associated  with  individual  sped)  jn 
names  and  symbols. 

To  relate  the  crack  type  data  collected  in  a  cracked 
test  specimen  to  other  cracked  structures,  it  is  necessary  to  have 
a  description  of  the  stress-intensity  factor  (K)  as  a  function  of 
crack  length  (a)  for  the  test  specimen  geometry.  Over  the  last 
fifteen  years,  a  great  deal  of  attention  has  been  given  to 
generating  accurate  stress-intensity  factor  equations  for  labora¬ 
tory  test  specimen  geometries,  due  to  their  importance  to  standard 
methods  of  test  and  to  reporting  data.  The  stress-intensity  factor 
equations  are  typically  presented  in  either  of  the  following  two 
forms : 

K  =  0  /-rra  .  B 

where  o  =  remote  stress  (load  ^  area)  (2.1) 

a  =  crack  length  measure 

B  =  function  of  crack  length  and  global  geometry 
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nd  that 
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ckness  of  specimen 

th  of  specimen 

ction  of  crack  length  (a) 
global  geometry 

hen  the  loading  is  applied  remotely  from 
n  2.2  is  more  typically  used  for  point 
oading  conditions.  One  should  note  that 
oading  (o  in  Equation  2.1  and  P  in  Equatio 
ng  and  geometric  components  of  the  equati 
h  other.  Thus,  if  one  wishes  to  describe 
r  relationship  for  a  given  geometry,  they 


SYMBOL 


TEST  SPECIMEN 


GEOMETRY  DESCRIBED 
IN  FIGURE  NUMBER 


CCP 

CT 

NB 

4-NB 

CANT 

WOL 

BWOL 

SENT 

PTSC 

KB -BAR 

DCB 

BDCB 

TDCB 


Center  Crack  Panel 
Compact  (Tension) 

Three  Point  Notched  Bend 
Four  Point  Notched  Bend 
Cantilever  Becim 
Wedge  Opening  Load 
Bolt  Loaded  WOL 
Single  Edge  Notch  Tension 
Part-Through  Surface  Crack 
Kg  BAR 

Double  Cantilever  Beam 
Bolt  Loaded  DCB 

Tapered  Double  Cantilever  Beam 
Center  Notch  Tension 


2.1 

2.2 

2.3 

2.4 

2.5 

2.6 

2.7 

2.8 

2.9 

2.10 
2.11 
2.12 

2.13 

2.14 


CNT 


Figure  2.2.  Compact  Tension  (CT)  Specimen 
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Figure  2.7  Modified  1-T  V/OL  (BWOL)  Specimen  Used  to 
Determine  Kiscc  Bolt  Loading. 
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Figure  2.8.  Single  Edge  Notch  Tensile  (SENT)  Specimen. 
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Figure  2.9.  Typical  Design  for  Part-Through-Surf ace- Crack 
(PTSC)  Specimen. 
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ALL  DIMENSIONS  IN  INCHES 


STARTER  NOTCH  DETAIL 


Figure  2.10.  Kb  Bar  (KB-BAR)  Specimen. 


Figure  2.11.  Double  Cantilever  Beam  (DCB)  Specimen  with 
Side  Grooves. 
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Figure  2.13.  Typical  Tapered  Double  Cantilever  Beam  (TDCB) 
Specimen  with  Side  Grooves. 
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Net  Thickness  9t  Sl«le  Groove 


Nvt  TMcknesu  at  Sld«  Groove 


STRESS-INTENSITY  FACTOR  COEFFICIENTS  FOR  TEST  SPECIMEN 
GEOMETRIES  USED  TO  GENERATE  DAMAGE  TOLERANT  DATA 


i  ncorpordled  intvi  the  h^indbook  uCk 
eqaat ion . 


2.1  PLANE-STRAIN  FRACTURE  TOUGHNESS  (K_  ) 

Ic 


The  plane-strain  fracture  toughness  property  was 

initially  established  to  characterize  the  fracture  resistance  of 
materials  that  exhibited  rather  abrupt  fractures  in  the  presence 
of  cracks.  Early  observations  showed  that  thickness  had  a 
pronounced  effect  on  the  critical  levels  of  stress-intensity 
factor  associated  with  fracture;  a  schematic  illustrating  this 
behavior  is  presented  in  Figure  2.15,  As  noted  in  the  schematic, 
for  thicknesses  greater  than  the  experimentally  determined  lower- 
bound,  the  critical  stress-intensity  factor  level  was  found  to  be 
relatively  constant. 

The  reasons  for  the  independence  of  toughness  with 
further  increases  in  thickness  were  related  to  the  amount  and 
type  of  yielding  which  could  occur  at  the  crack  tip  under  what 
has  been  referred  to  as  plane-strain  conditions.  Because  the 
thickness-independent  toughness  property  was  useful  for  comparing 
a  large  variety  of  metals  for  fracture  resistance,  ASTM  (American 
Society  for  Testing  and  Materials)  embarked  on  a  standardization 
effort  that  eventually  resulted  in  the  ASTM  Standard  Test  Method 
for  plane-strain  fracture  toughness  of  metallic  materials,  i.e., 
in  the  ASTM  Standard  E399. 

The  ASTM  Standard  E399  is  the  current  procedure  for 
deteir  ng  critical  plane-strain  stress  intensity  factors 
(K_  v.AiJes)  for  high-strength  alloys.  From  the  method  of  test, 

i.C 

"The  property  determined  by  this  method  characterizes  the 

resistance  of  a  material  to  fracture  in  a  neutral  environment  in 
the  presence  of  a  sharp  crack  under  severe  tensile  constraint, 
such  that  the  state  of  stress  near  the  crack  front  approaches 
tritensile  plane-strain,  and  the  crack-tip  plastic  region  is 
small  compared  with  the  crack  size  and  specimen  dimensions  in  the 
constraint  direction," 

Assuming  that  plane-strain  conditions  are  approximated 
wlien  unstable  cracking  occurs  at  the  crack  front  during  a 
test,  the  critical  stress  intensity  factor  calculated  from  the 
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test  data  is  characteristic  of  the  material  of  the  specimen  at 
the  testing  temperature  and  for  the  specific  crack  growth 
direction.  Since  the  properties  vary  somewhat  from  specimen  to 
specimen  in  one  plate  or  in  one  heat,  and  from  heat  to  heat  of  a 
given  alloy  type  with  the  same  heat  treatment,  the  measured 
values  for  several  heats  will  show  some  degree  of  scattering  in 
the  data.  Usually,  the  extent  of  scattering  is  greater  than  that 
for  replicate  tensile  tests.  For  this  reason,  a  relatively 
large  number  of  data  points  would  be  required  to  establish 
minimum  design  values  for  any  of  the  fracture  mechanics  parameters. 
To  minimize  the  scatter  in  data,  maximum  effort  is  required  in 
controlling  the  processing,  preparation,  and  testing  of  each 
specimen.  These  precautions  are  discussed  in  the  Method  of  Test 
(ASTM  E399) . 

The  ASTM  E399  procedure  indicates  that  calculated  K  values 
be  designated  which  is  a  provisional  value.  When  the 

validity  of  the  results  is  established  by  the  procedures 
designated  in  the  Method  of  Test,  then  the  Kq  value  can  be  iden¬ 
tified  as  a  valid  value.  Some  of  the  primary  criteria  for 

judging  the  validity  of  K,^  values  are  based  on  crack  length  and 
specimen  thickness  conditions.  The  test  data  must  demonstrate 
that  sufficient  constraint  was  available  to  justify  the  plane- 
strain  assumptions.  The  other  requirements  for  validity  of  the 
values  involve  measurements  of  the  length  of  the  fatigue 
crack,  contour  of  the  crack  front,  out-of-plane  deviation  of  the 
fatigue  crack,  maximum  stress  intensity  resulting  from  the  fatigue 
cracking  load,  and  details  of  the  load-deformation  curves. 

All  newly  acquired  plane-strain  fracture  toughness 
data  incorporated  in  the  1983  Handbook  revision  were  generated 
using  the  ASTM  Standard  E399.  These  newly  acquired  data  were 
generated  using  the  CT  specimen  geometry  (See  Figure  2.2).  All 
suppliers  of  new  data  provided  only  E399  validated  data 

in  a  reduced  format  which  facilitated  direct  incorporation  into 
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the  Handbook.  Data  incorporated  in  earlier  revisions  for  the 

most  part  utilized  ASTM  Standard  E399  or  the  predecessor 

tentative  method  for  plane-strain  fracture  toughness  testing; 

and  r.fter  review,  these  data  were  also  included  into  the  1983 

revision.  In  some  instances,  nonstandard  specimens  were  used 

for  generating  critical  plane-strain  stress-intensity  factors  in 

the  earlier  revisions.  Some  of  these  data  were  incorporated  in 

the  1983  revision  on  the  basis  that  a  reasonable  procedure  was 

used  and  that  corresponding  data  from  other  sources  were  limited 

for  the  alloys  concerned.  All  data  were  checked  against  the 

criteria  for  specimen  thickness  (B)  and  crack  length  (a),  i.e., 

2 

B,  a  >  2.5  where  a  is  the  tensile  yield  strength. 


2.2  CRITICAL  PLANE  STRESS  FRACTURE  TOUGHNESS 

2.2.1  Plane  Stress  and  Transitional  Fracture  Toughness 

The  critical  level  of  the  stress- intensity  factor 

for  non-plane-strain  conditions  is  normally  described  with  the 

symbol  K  ,  see  Figure  2.15,  and  is  referred  to  as  the  plane-stress 
c 

or  transitional  fracture  toughness.  Generally,  plane-stress 
fracture-toughness  testing  is  representative  only  of  through-the- 
thickness  cracks  in  relatively  thin  section  materials.  For  a 
given  material  thickness,  this  configuration  has  the  least  lateral 
restraint  on  the  crack  front  and,  hence,  approaches  most  closely 
the  ideal  plane-stress  stress  state  conditions  at  the  crack  tip. 

As  the  material  thickness  increases,  transitional  stress  state 
behavior  is  introduced  by  the  restraint  of  additional  material 
along  the  crack  front.  In  contrast  to  that  in  plane-strain 
fracture- toughness  testing,  the  characterization  of  fracture 
toughness  in  the  plane-stress  and  transitional-stress  states  is 
complicated  by  the  degree  to  which  crack  tip  plasticity  and 
associated  stable  crack  extension  are  manifested  prior  to  fracture. 
Although  an  explicit  test  method  for  this  mode  of  toughness  has 
not  been  formulated,  there  are  a  number  of  useful  experimental 
guidelines  which  have  been  developed. 

As  background  information,  the  nature  of  plane-stress 
and  transitional  fracture  toughness  is  described  here  in  terms  of 
its  deviation  from  that  of  the  plane-strain  stress  state.  Current 

V" 

procedures  for  this  mode  of  testing  and  the  associated  analytical 
formulations  of  toughness  then  are  presented. 

The  difficulties  that  beset  the  characterization  of 
plane  scress  and  transitional  fracture  are  not  only  of  a  theoretical 
nature,  but  also  of  a  practical  experimental  nature.  Basic 
questions  on  the  nature  of  plasticity,  crack  extension,  and  crack 
instability,  as  well  as  the  wide  variation  in  experimental 
techniques  among  laboratories  all  contribute  to  variability  in  the 
resulting  fracture  toughness  evaluations.  However,  in  spite  of 
these  difficulties,  surprisingly  consistent  charcteri zations  of 
fracture  behavior  can  be  obtained. 
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During  the  fracture  test  of  a  structural  material  in 
a  plane-stress  or  transitional-stress  state,  stable  extension  of 
the  initial  fatigue  precrack  may  occur  as  the  load  increases .  This 
behavior  is  illustrated  schematically  in  the  crack  growth  curve 
of  Figure  2.16.  Depending  on  the  material,  stable  crack  extension 
may  amount  to  30  percent  or  more  of  the  initial  precrack  length. 

Once  it  is  realized  that  fracture  under  these  condi¬ 
tions  is  not  an  abrupt  instability  instantaneously  associated 
with  a  small  increment  of  crack  extension,  it  must  also  be  recognized 
that  a  single  toughness  parcimeter  is  not  sufficient  to  characterize 
this  complex  behavior.  In  fact,  the  concept  of  crack  growth 
resistance  curves  (see  Section  2.4)  is  an  outgrowth  of  these 
observations  and  best  describes  the  material  behavior.  However, 
as  a  means  of  characterizing  fracture  behavior  in  plane-stress  and 
transitional  stress  state,  engineers  have  traditionally  utilized 
abrupt  fracture  concepts,  i.e.,  have  used  critical  stress-intensity 
factor  levels,  to  describe  various  ev.nts  associated  with  the 
observed  behavior. 

2.2.2  Plane  Stress  and  Transitional  Fracture 

Toughness  Testing 

The  procedures  associated  with  testing  thin-section 
center-cracked  tension  panels  differ  from  those  associated  with 
plane-strain  fracture  toughness  testing  only  in  the  additional 
emphasis  and  refinement  that  is  directed  to  monitoring  the  slow, 
stable  tear  portion  of  the  fracture  process. 

The  general  testing  configuration  is  illustrated 
schematically  in  Figure  2.17.  The  specimen  with  an  initial  fatigue 
precrack,  2a^,  is  loaded  slowly  under  load  or  stroke  control.  The 
onset  and  extension  of  crack  growth  under  increasing  load  is  usually 
monitored  photographically,  visually,  or  by  means  of  compliance 
gage  calibration  until  fracture  occurs. 

Although,  as  previously  mentioned,  more  attention  is 
currently  being  directed  to  monitoring  the  detail  stress  and  crack 
length  dimensions  during  the  slow  tear  process,  the  preponderance 
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of  available  test  data  is  limited  to  a  record  of  a 
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and  2a^,  as  indicated  in  Figure  2.16.  It  is  this  information 
which  is  compiled  and  analyzed  in  this  Handbook. 

2.2.3  Critical  Stress- Intensity  Factor  (K  ) 


There  are  two  clearly  identified  points  that  can  be 
noted  on  the  crack  growth  resistance  curve  shown  in  Figure  2.16, 
i.e.  points  0  and  C  which  are  associated  with  the  onset  of  tearing 
and  critical  conditions,  respectively.  Using  a  linear  elastic 
fracture  mechanics  analysis,  these  two  structural  conditions  can 
be  formulated  as 
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using  the  stress- intensity  factor  information  given  in  Table  2.3, 

i.e.  Equation  SIF.l.  As  requested  by  industry  engineers,  available 

test  information  (a  ,  2a  ,  o  ,  2a  )  were  reported  in  the  plane 

o  o  c  c 

stress  and  transitional  fracture  toughness  tables  along  with  a 
calculation  of  the  critical  fracture  toughness  level  based  on 
Equation  2.6.  While  stress  and  crack  length  information  was 
sometimes  available  for  a  calculation  of  the  onset  fracture 
toughness  (Equation  2.5),  insufficient  space  in  the  table  precluded 
reporting  this  toughness. 

Plane  stress  and  transitional  fracture  behavior 
absorb  much  more  energy  than  plane-strain  behavior  due  to  the 
lack  of  thickness  constraint  on  crack  tip  plasticity  is  also 
insufficient,  and  the  assumption-’  of  linear  elastic  fracture 
mechanics  are  violated.  The  in-plane  geometric  constraint  on 
crack  tip  plasticity  is  required  to  ensure  that  gross  plasticity 
i.®-  not  the  controlling  mechanisms  of  fracture.  Extensive  study 


has  indicated  that  the  condition  for  CCP  specimen  instability  for 
ductile  materials  is  given  by  a  net  section  stress  criteria  and  not 
by  a  fracture  (crack)  controlled  instability  criteria.  While  the 
fracture  toughness  values  for  all  plane  strain  type  tests  are 
reported,  those  values  calculated  for  stress  conditions  where  the 
net  section  stress  =  Load/(W-2ac)  exceeds  80  percent  of  the 

tensile  yield  strength  are  marked  with  an  asterisk.  Asterisked 
values  are  not  utilized  in  any  mean  or  standard  deviation  calcula¬ 
tions  summarizing  plane-stress  fracture  critical  properties. 

2.3  THE  APPARENT  FRACTURE  TOUGHNESS 

The  apparent  fracture  toughness  (K^pp^  ^  plane  stress  and 
transitional  fracture  toughness  property  that  is  sometimes  utilized 
as  a  lower  bound  on  the  critical  fracture  toughness.  Its  initial 
purpose  was  to  preclude  measurements  of  the  tearing  process  observed 
during  fracture  tests  of  CCP  specimens.  As  noted  in  Figures  2.17, 
and  2.16,  the  initial  crack  length  (2ag)  extends  during  the  loading 
to  the  critical  crack  length  {2af^)  .  The  two  simplest  measurements 
to  make  in  such  a  fracture  test  are  those  of  the  initial  crack 
length  (23^)  and  critical  (maximum)  stress  at  failure  (o^).  Thus, 
for  simplicity,  a  K^pp  fracture  toughness  calculation  was  made 
using 

K  =  o  /Tia  (sec  )  "^  (2.7) 

App  Co  W 

Equation  2.7  represents  the  stress-intensity  factor  corresponding 
to  the  stress  and  crack  length  condition  at  point  "A"  in  Figure 
2.16.  It  can  be  noted  by  comparing  Equations  2.6  and  2.7  that 
will  always  be  less  than  or  equal  to  since  a^  ^  a^.  Also, 
will  always  be  greater  than  or  equal  to  since  ^  . 

A  comparison  of  the  apparent  fracture  toughness  with  the  onset  and 
critical  fracture  toughness  is  shown  in  Figure  2.18  for  a  wide 
ce;  er  cracked  panel  (CCP)  specimen. 
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When  the  net  section  stress  (o  ^  =  Load/(W-2a  ))  exceeds  80  percent 

net  o 

of  the  tensile  yield  strength,  the  values  are  marked  with  an 

asterisk.  The  asterisked  values  are  not  utilized  in  any  mean  or 
standard  deviation  calculations  summarizing  plane~stress  apparent 
fracture  toughness  properties. 


2.4  R-CURVE  (Kj^  VERSUS  Aa^^g) 

The  resistance  curve  (or  R-curve)  provides  a  complete 
description  of  the  tearing  fracture  behavior  illustrated  in 
Figure  2.16.  R-curves  characterize  the  resistance  to  fracture  of 
materials  during  incremental  slow-stable  crack  extension  and  result 
from  growth  of  the  plastic  zone  as  the  crack  extends.  ASTM 
recently  formalized  the  collection  and  reporting  of  such  curves 
through  a  new  standard,  ASTM  Standard  E561,  covering  the  standard 
practice  for  R-Curve  Determination.  As  stated  by  ASTM  E561; 

"An  R-curve  is  a  continuous  record  of  toughness  development  in  terms 
of  Kp  plotted  against  crack  extension  in  the  material  as  a  crack  is 
driven  under  continuously  increased  stress-intensity  factor,  K)." 

The  value  of  Kp  (toughness)  is  calculated  using  standard 
stress-intensity  factor  equations  evaluated  with  the  instantaneous 
values  of  applied  stress  (o)  and  crack  length  (a) ,  as  the  crack 
extends.  To  account  for  the  effects  of  plasticity,  the  measured 
crack  length  is  enhaaced  with  a  plastic  zone  correction,  and  an 
effective  crack  lenath  (a  is  actually  used  in  the  calculation 

of  ¥ For  example,  when  a  CCP  specimen  is  used  to  collect  tear- 
i ag  resistance  data,  the  Kp  is  calculated  based  on  the  standard 
str.jss-intensrty  factor  equation  (SIF.l)  given  in  Table  2.3. 
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where  and  i  c.-  -  ti  e  current  stress  and  effective  crack  length 

ef  r 

me  a  suz  aments  in  the  teo-t .  The  effective  crack  length  for  optical 
muasu  ements  is  calculated  from 


ef 


{2.9) 


2-28 


where  a  is  the  optically  measured  crack  length  and 


the  plastic  zone  size  for  the  current  applied  stress  and  crack 

length.  If  the  crack  length  is  automatically  monitored  by  compli¬ 

ance  techniques,  then  the  effective  crack  length  is  automatic6.11y 
obtained  using  the  two  compliance  equations  presented  in  ASTM 
E561. 

The  Kp  value  calculated  from  Equation  2.8  can  be  described 

as  a  function  of  the  increment  of  physical  crack  extension 

(Aa  =  a  -  a^,  =  initial  crack  length)  or  as  suggested  by 

ASTM  561  as  a  function  of  the  increment  of  effective  crack  length 

(Aa^ff  =  (a  +  r^)  -  a^) .  The  functions  Kp  versus  Aa  and  Kp 

versus  Aa  are  referred  to  as  R-curves  (or  resistance  curves) . 
eft 

Data  presented  in  this  handbook  correspond  to  the  use  of  the 

ASTM  E561  definition  of  R-curves,  i.e.  Kp  is  presented  as  a  function 

of  Aa^,-. 

err 

One  of  the  fundamental  hypotheses  behind  the  application 
of  R-curves  to  the  prediction  of  tearing  type  fractures  in  thin 
structures  and  in  structures  fabricated  from  ductile  materials  is 
that  the  R-curve  (material  tearing  resistance)  is  independent  of 
crack  length  for  a  given  geometry  and  is  independent  of  geometry 
and  external  loading.  As  long  as  the  structure  matches  the 
monotonically  increasing  stress-intensity  factor  conditions  given 
by  the  R-curve,  the  structure  will  exhibit  the  same  tearing 
resistance  experienced  in  the  laboratory  test  specimen.  The 
Damage  Tolerant  Guidelines  Handbook  (AFWAL-TR-8 2-3073)  describes 
how  the  R-curve  can  be  applied  to  the  calculation  of  critical 
stress  levels  in  structures. 


2.5  FATIGUE  CRACK  GROWTH  RATE 


2.5.1  Fatigue  Crack  Growth  Behavior 

Under  some  loading  conditions  or  environmental 
conditions,  cracks  can  grow  at  load  levels  well  below  that 
required  to  cause  fracture.  As  the  crack  continues  to  grow, 
conditions  become  more  favorable  for  fracture,  and  eventually 
under  the  applied  loading  fracture  does  occur.  This  process 
whereby  cracks  are  observed  to  grow  at  subcritical  load  levels  is 
referred  to  as  subcritical  crack  growth.  Illustrated  in  Figure  2.19 
is  a  fatigue  crack  growth  curve,  which  shows  the  type  of  behavior 
typically  observed  during  a  specific  subcritical  crack  growth 
process;  in  this  case,  damage  is  done  to  the  material  by  cyclic 
(or  fatigue  )  loading.  This  section  addresses  properties  used  to 
measure  fatigue  crack  growth  behavior  and  Sections  2.6  and  2.7 
address  properties  Used  to  characterize  sustained  load  cracking 
in  an  environment. 

The  objective  of  fatigue  crack  growth  testing  is  to 
determine  the  rates  at  which  subcritical  flaws  propagate  under  cyclic 
loadings  prior  to  reaching  a  size  critical  for  fracture.  These 
rates  are  determined  from  measurements  of  the  crack  extension 
occurring  over  an  increment  of  cyclic  loading.  Typically,  those 
measurements  are  made  by  monitoring  crack  extension  optically  on 
the  specimen  surface  during  the  test.  From  the  basic  crack  length 
and  cycle  count  data,  the  fatigue-crack  growth  rate  is  determined 
as  the  quotient  of  the  incremental  crack  growth  divided  by  the 
incremental  cycle  count,  i.e.,  Aa/  AN  or  da/dN,  the  slope  of  the 
crack  growth  (life)  curve. 

The  crack  growth  rate  measures  the  resistance  of 
the  material  to  the  applied  loading  conditions.  The  similitude 
parameter  that  allows  data  to  be  trjnsferred  from  one  cracl^ed 
tjcomctry  to  another  is  the  runge  in  s’ress-intensity  factor  (.'.X). 

The  AK  parameter  is  the  differe.nce  bet-  een  the  maximum  and  minimum 
stress-intensity  factors  (K  and  K  ,  lospecti'.'elY)  for  a  cycle 

of  loading.  The  property  of  fatigue  crack  growth  rate  is  described 
throughout  this  ilundbuo);  as  a  f  unction  of  K . 


2.5.2  Data  Acceptance  Criteria 


In  general,  similar  specimen  configurations  are  used 
for  fatigue-crack-growth  testing  as  are  used  for  other  types  of 
damage  tolerant  tests.  The  applied  loads  are  reduced  in  magnitude 
and  are  cyclic  in  nature  for  studies  of  crack  extension  under 
fatigue  loading  conditions,  and  the  experimental  methods  are 
extensions  of t he  fracture  testing  procedures  previously  described. 
Instead  of  applying  either  a  rising  or  sustained  load  to  fracture 
the  specimen,  a  constant  amplitude  cyclic  load  is  applied  to  initiate 
and  grow  the  crack  over  a  significant  portion  of  the  specimen 
width.  ASTM  recently  published  a  standard  testing  method,  i.e., 

ASTM  E647,  which  covers  the  collection  and  reporting  of  fatigue 
crack  growth  rate  data.  Most  of  fatigue  crack  growth  rate  data 
reported  in  the  handbook  were  collected  and  reduced  utilizing 
the  guidelines  and  methods  described  by  ASTM  E647.  For  CCP 
and  CT  specimen  geometries,  the  ASTM  Standard  describes  11 
explicit  criteria  for  validating  the  data;  these  criteria  are 
summarized  in  Table  2.4.  If  data  were  noted  to  fail  only  one  or 
two  of  the  recommended  criteria  and  provided  a  realistic  repre¬ 
sentation  of  the  growth  rate  behavior,  they  were  incorporated  into 
the  handbook.  Note  is  made  in  the  handbook  database  of  da/dN  data 
that  failed  to  meet  the  ASTM  criteria  listed  in  Table  2.4. 


2.5.3  Data  Reduction  Procedures 

Data  reduction  of  crack  growth  rate  from  the  crack 
length  versus  cycle  count  data  was  by  one  of  two  methods.  The 
secant  method  was  chosen  when  there  were  seven  or  less  crack  length 
versus  cycle  count  measurements.  A  five  point  polynomial  movable 
strip  method  was  used  for  data  with  more  than  seven  crack  length 
versus  cycle  count  measurements.  This  procedure  was  similar  i-o 
the  seven  point  method  recommended  in  the  ASTM  standard;  the  five 
point  method  was  chosen  to  provide  additional  data  points  at  the 
extremes  of  growth  rate  range. 
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TABLE  2.4 

CRITERIA  CHECKS  FOR  FATIGUE  CRACK  GROWTH  RATE  DATA 


Criteria 

No. 


1 


10 


ASTM  E647 
Paragraph 

7. 1.3.1 

7. 1.3. 2 


Speciacn 


Criterion 


CT 

CCP 


20  i  ®  i 


B  <  W/8 


Figure  1 
8.6.3 


7.1.1 

7.1.2 


8.3 

8.6.4 


8.6.2. 1 
8. 6. 2. 2 


8.6. 2. 3 


7.2.1 

7.2.2 


8.5.1 


CT 

CCP 


W  ^  1.00" 
None 


CT  and  CCP 


If  B/W  ^0.15  need  front  and  back  crack 
lengths. 


CT 

CCP 


a))  0.2W 

None 


CT  and  CCP 
CT  and  CCP 


^  O.IB  or  h,  whichever  is  greater 


(Front  Crack  Length-Back  Crack  Length) 

<  0.025  W  or  0.25  B«  whichever  is  less. 


CT 

CCP 


if  0.25  <  a/W  £  0.60  then  Aa  <  0.02  W 
a/W  >  0.60  then  Aa  £  0.01  W 
if  2a/W  <  0.60  then  '.a  £  0,03  W 
2a/W  >  0.60  then  Aa  <  0.02  W 


CT  and  CCP 


CT 

CCP 


Aa  >  0.01" 
W 


a  £  ^  (K  /TYS)^ 
tt  max 


P„.,/(BW)(l-2a/W)  <  TYS 
max 


CT  and  CCP 


P  -P 

max  max 

a-fl  a 

P 

tnax 

a 

11 

8.3.1 

CT  and  CCP  (1) 

In  Precracking 

P  -P 

max  . ,  max 
a-fl  a 

<  0.10 


<  0.20 


max. 


(2)  Aa  >  (3/IT)  (K  /TYS)‘ 

•  max 


tT  ■  Compact  Tension 
CCP  ■  Center  Cracked  Panel 
B  >  Specimen  Thickness 
W  ■  Specimen  Width 
Crack  Length 


h  ■  Height  of  Specimen 
Aa  ••  Change  in  Crack  Length 


^max 


Maximum  Load 


So  •  Notch  Size 


>  Fatigue  Precrack  Length 


■  Maximum  Stress  Intensity 
TYS  ■  Tensile  Yield  Strength 
K  '  ■  Maximum  Stress  Intensity  at 

Smaller  Crack  Length  being 
Considered 


It  is  important  to  note  that  the  calculation  of 
stress-intensity  factor  range  (AK)  is  the  difference  between  the 
maximum  and  minimum  stress-intensity  factors  (K  and  K  .  , 

respectively)  as  defined  in  ASTM  Standard  E647.  These  calculations 
are  best  expressed  using  equations  specific  to  a  given  geometry; 
for  illustration  purposes,  assume  that  the  test  specimen  geometry 
is  CCP.  Then,  the  maximum  and  minimum  stress-intensity  factors  are 
given  by 


K 


TTa,  4 


max 


%ax  w-> 


(2.11) 


and 


K  . 
min 


=  a 


min 


(sec 


a>  4 


W 


(2.12) 


where  o  and  o  .  are  the  maximum  and  minimum  stresses  in  the 
max  min 


applied  loading  cycle.  The  range  of  stress-intensity  factor  is 
defined  as 


=  ^ax  -  ‘^min 


(2.131 


By  ASTM  convention,  if  is  compressive  (negative)  ,  then 


K  .  50,  and  AK  =  K 

min  max 


2.5.4  Data  Reporting  Procedures 

The  presentation  of  fatigue-crack-propagation  rate 
data  is  far  more  complex  than  the  presentation  of  fracture  toughness 
data  (either  or  K^)  due  to  the  large  quantities  of  data  which 

must  be  treated.  Where  a  fracture  test  generally  yields  a  single 
characteristic  toughness  value,  a  fatigue-crack-growth  test 
specimen  generally  yields  from  10  to  100  rate  data  points,  da/dN, 
which  must  be  evaluated  in  terms  of  the  stress-intensity  factor 
AK  range. 


The  Damage  Tolerant  Design  Data  Handbook  presents 
fatigue  crack  growth  rate  (da/dn)  data  in  both  graphical  and  tabular 
formats.  A  graphical  format  is  used  to  present.  da/dN  versus 
AK  data  and  the  mean  trend  of  these  data  are  tabulated.  The 


y. 


I 


w’ 


n' 

s 

*• 

r 


lea;.it  squares  cubic  spline  approximation  method  has  been 
selected  from  those  available  to  provide  a  practical  method  for 
generating  tables  with  fixed  values.  A  least  squares  cubic 
spline  approximation  is  an  analytic  method  of  fitting  a  "French" 
curve  to  a  data  set.  The  curve  is  constructed  by  fitting  different 
cubic  polynomials  on  non-overlapping,  connecting  subintervals  over 
the  range  of  the  independent  variable.  In  the  Handbook,  the 
independent  variable  will  be  AK.  The  boundary  points  of  the 
intervals  are  referred  to  as  knots  and  the  cubic  polynomials 
meet  at  the  knots.  The  polynomials  are  also  constrained  so  that 
the  first  and  second  derivatives  are  continuous  at  the  knots.  The 
result  of  this  process  is  a  smooth  curve  which  passes  through 
the  center  of  the  data. 

Figure  2.20  is  an  example  of  a  spline  curve  fit  to  a 
da/dN  data  set  reported  by  Hudak  et  al.  for  2219-T851  Aluminum 
alloy.  The  stress  ratio  used  to  establish  the  data  shown  was  0.3. 
The  knots  are  marked  in  the  figure  by  the  large  dots. 

In  general,  da/dN  data  are  well  enough  behaved  so 
that  a  maximum  of  five  knots  was  sufficient  in  generating  the 
handbook  tables.  The  actual  number  of  knots  used  in  fitting  a 
curve  to  a  set  of  data  is  a  function  of  the  number  of  da/dN 
data  points  and  their  pattern  in  da/dN-AK  space. 

The  mean  trend  table  for  a  set  of  da/dN  data  will  be 
generated  by  selecting  points  from  the  spline  curve  that  has  been 
fit  to  the  data.  The  AK  values  will  be  chosen  such  that  they  are 
approximately  equally  spaced  in  a  logarithmic  scale  and  cover  the 
complete  range  of  AK  values  expected.  The  da/dN  values  are 
obtained  through  the  interpolation  of  the  spline  curve  at  the 
preselected  AK  values.  The  complete  set  of  AK  values  are;  1.0, 

1.3,  1.6,  2.0,  2.5,  3.0,  3.5,  4.0,  5.0,  6.0,  7.0,  8.0,  and  9,9 
as  well  as  10  times  these  values,  and  130,  160,  and  200. 


•  a 


Figure  2.20. 


A  Cubic  Spline  Curve  Fit  to  FCGR  Data  for 
2219-T851  Aluminum  at  a  Stress  Ratio  of  0.3 


Because  the  da/dN  data  do  not  always  span  the  complete  AK  range, 
the  table  also  reports  the  minimum  and  maximum  da/dN  values 
corresponding  to  the  recorded  minimum  and  maximum  AK  values.  The 
extreme  pairs  of  (AK,  da/dN'  points  correspond  to  the  extremes  of 
the  spline  curve. 

Table  2.5  describes  the  type  of  table  designed  for 
the  handbook.  The  minimum  values  of  AK  and  da/dN  as  obtained  from 
the  spline  curves  are  presented  at  the  top  of  the  table  for  each 
data  set  with  a  variable  such  as  stress  ratio.  These  tables  will 
be  directly  opposite  the  qi  iphical  format  of  the  da/dN  data.  The 
interpolated  da/dN  data  a -e  listed  in  the  body  of  the  table  as  a 
function  of  the  selected  AK  values  that  span  the  data  sets,  and 
the  maximum  values  of  AK  and  da/dN  as  obtained  from  the  spline 
curves  are  presented  towards  the  bottom  of  the  table. 

The  last  two  sections  of  Table  2.5  are  utilized 
to  summarize  the  statistics  of  the  data  fitting  process.  The 
room  mean  square  percent  error  (RMSPE)  is  utilized  to  describe  the 
statistical  accuracy  for  the  spline  curve  fit  at  each  stress  ratio. 
The  RMSPE  is  given  by; 


where  (2.14) 

y^  =  observed  da/dN at  AK^ 

*  da/dN  interpolated  from  taible  at  AK^. 

The  RMSPE  is  a  measure  of  how  close  the  data  lie  to  the 
mean  trend  table  and  has  a  similar  interpretation  to  the  coefficient 
of  variation,  i.e.,  the  smaller  the  better.  The  coefficient  of 
variation  is  used  when  all  the  data  have  the  same  mean  and  is 
calculated  by  dividing  the  standard  deviation  by  the  mean  and 
multiplying  by  100.  For  da/dN  data,  the  mean  da/dN  is  a  function  of 


TABLE  2.5 


EXAMPLE  FATIGUE  CRACK  GROWTH  RATE 
TABLE  (2219-T851  Aluminum) 
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AK 
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U 
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— 
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1.0 
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0.0170 

0.0291 

V  • 

0.0«7« 

0.0909 

0.0099 

0.127 

0.0491 

0.0911 

0.129 

V  * 

0.2U 

0.0100 

r  7S 

0.199 

0.229 

0.990 

0.0099 

0.219 

0.491 

0.00 

0.171 

0.999 

0.909 

o.oao 

0.900 

0.691 

0.799 

2.00 

B  • 

1.97 

1.14 

1.30 

1.40 

7.99 

l.»l 

1.99 

3.90 

a. 9 

H  * 

2.47 

9.09 

9.99 

9.0t 

4.' 71 

9.14 

0.07 

10. 0 

l.M 
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6. 90 
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19.0 

7.10 
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AK  so  this  is  taken  into  account  when  calculatiny  the  RMSPE.  The 
RMSPE  is  an  average  percent  error  of  the  observed  da/dN  values  from 
the  curve  established  by  the  mean  trend  table. 

When  evaluating  the  mean  trend  da/dN  description, 
engineers  have  come  to  rely  on  an  evaluation  of  the  ability  of  the 
mean  trend  curve  to  repredict  the  initial  a  versus  N  data  and,  in 
particular,  to  rely  on  life  prediction  ratio  (N  /N.)  which  relates 

P  A 

the  predicted  number  of  cycles  (Np)  required  to  propagate  a  crack 
through  a  specified  increment  to  the  actual  number  of  cycles  (N^) 
observed  to  propagate  a  crack  through  the  same  increment-  Life 
prediction  ratios  between  0.8  and  1-25  are  considered  good  and  a 
life  prediction  ratio  of  1.0  is  ideal. 

As  a  second  measure  of  how  well  the  mean  trend  curve 
fits  the  data,  a  sximmary  of  the  life  prediction  ratios  for  the 
specimens  used  to  generate  the  mean  trend  curve  is  included  at  the 
bottom  of  Table  2.5.  This  summary  defines  the  number  of  specimens 
tested  at  each  stress  ratio  presented  whose  life  prediction  ratios 
fall  within  the  five  inuervals;  0.0  to  0.5,  0.5  to  0.8,  0.8  to 
1.25,  1.25  to  2.0,  and  greater  than  2.0. 

The  life  prediction  ratios  summarized  at  the  bottom 
of  Table  2.5  are  self  predictions  and  as  such  will  tend  to  be  good. 
However,  the  summary  is  only  valid  for  the  data  used  to  generate 
it  and  therefore  should  not  be  generalized  to  other  situations. 

The  life  prediction  ratio  summary  is  not  intended  to  predict  how 
well  the  mean  trend  curve  will  predict  crack  growth  for  an 
arbitrary  specimen;  however,  it  does  illustrate  how  well  the  mean 
trend  in  FCGR  correlates  with  the  lives  of  the  cracks  that  were 
used  in  generating  the  mean  trend. 

In  order  to  indicate  how  well  the  present  method 
being  used  does  in  predicting  life  ratios.  Table  2.6  gives  a 
comparison  on  sixteen  specimens  of  the  Aluminum  2219-T851  at  various 
stress  ratios  ranging  from  -1.0  to  +0.8.  The  round-robin  LPR 
resulted  from  an  ASTM  study  conducted  by  eight  organizations;  the 
average  results  of  the  analysis  are  presented.  From  Table  2.6,  it 
can  be  seen  that  the  handbook  mean  trend  method  gives  results 
comparable  to  other  methods  being  used  throughout  the  country. 
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Mean 


0.97 


0.95 


Std.  Dev. 


0 . 12 


0.13 


2.6 


SUSTAINED-LOAD  CRACK  GROWTH  RATES 


2.6.1  Sustained-Load  Crack  Growth  Rate  Behavior 

Sustained-load  crack  growth  rate  behavior  is 
another  type  of  subcritical  crack  growth  behavior  exhibited  by 
materials  which  are  sensitive  to  environmental  attack. 

This  type  of  subcritical  crack  growth  behavior  normally  exhibits 
itself  as  a  time-dependent  crack  growth  rate  process,  v;hereby 
cracks  are  noted  to  extend  under  steady-state  (sustained) 
static  loading  conditions  in  the  presence  of  environments. 

Crack  growth  mechanisms  controlling  the  sustained-load  crack 
growth  rate  process  include:  stress-corrosion  cracking, 
hydrogen  embrittlement,  liquid  metal  embrittlement,  grain 
boundary  separation,  and  creep.  In  practice,  the  time-dependent 
cracking  process  has  been  found  to  be  driven  by  internal  (residual) 
tensile  stresses  in  the  fabricated  structure,  even  in  the 
absence  of  externally  applied  loads;  typically,  however,  the 
stressing  condition  which  drives  the  crack  is  provided  by 
external  loads. 

The  objective  of  sustained-load  crack  growth  test¬ 
ing  is  to  determine  the  rates  at  which  cracks  propagate  in  pre¬ 
cracked  specimens  subjected  to  statically  applied  loads  and 
prescribed  environmental  conditions.  As  with  fatigue  crack 
grov/th  rate  tests,  most  of  the  crack  length  measurements  are 
made  optically  on  the  specimen  surface  during  the  test.  Non- 
optical  methods  used  to  establish  cracking  include  compliance 
and  stress  wave  analysis  techniques.  From  the  basic  crack 
length  and  time  data,  the  sustained-load  crack  growth  rate  is 
determined  as  the  quotient  of  the  incremental  crack  growth 
divided  by  the  incremental  time,  i.e.,  Aa/At  or  da/dt,  the 
slope  of  the  crack  growth  (time  to  failure)  curve. 
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The  crack  growth  rate  measures  the  resistance  of 
the  material  to  the  applied  loading  for  the  specified  environment 
In  this  case,  the  similitude  parameter  that  allows  data  to  be 
transferred  from  one  cracked  geometry  to  another  is  the  static 
stress-intensity  factor  (Kmax^  •  The  Parameter  is  the 

stress-intensity  factor  evaluated  for  the  applied  loading  and 
current  crack  length.  The  property  of  sustained-load  crack 
growth  rate  (da/dt)  is  described  throughout  this  Handbook  as  a 
function  of  K 

max 

2.6.2  Data  Acceptance  Criteria 

For  the  most  part,  the  testing  methodology  for 
da/dt  properties  follows  that  utilized  to  obtain  da/dN  properties 
There  are,  however,  no  current  A3TM  standards  that  specifically 
cover  the  collection  of  da/dt  data.  Sustained-load  data  have 
been  obtained  with  a  variety  of  specimens  including  double 
cantilever  beams  (DCB) ,  tapered  double  cantilever  beams  (TDCB) , 
compact  tension  (CT)  specimens,  cantilever  beams  (CANT) , 
single-edge-notch  tensile  (SENT)  specimens,  par t-through-surf acc- 
crack  (PTSC)  specimens,  and  center-cracked  panel  (CCP)  specimens. 

One  validity  criterion  that  is  sometimes  applied 

to  da/dt  data  is  that  the  thickness  dimension  and  crack  length 

2 

must  be  greater  than  2.5  (Kgc/Oyg) .  No  da/dt  data  were 
excluded  from  the  1983  revision,  however,  based  on  this  criteria 
due  to  the  scarcity  of  da/dt  data.  The  reader  will  find 

ys 

and  thickness  reported  with  da/dt  data  whenever  these  were 
available . 

Readers  should  note  that  sustained  load  crack 
growth  rate  data  in  aluminum  alloys  in  planes  other  than  those 
parallel  to  the  surface  of  rolled  plates  are  questionable 
because  of  the  localized  corrosion  that  occurs  on  the  planes 
even  though  the  initial  notch  and  crack  orientation  are  normal 
to  these  planes. 


Data  Reduction  Procedures 


Data  reduction  of  sustained-load  crack  growth 
rates  was  accomplished  using  the  secant  method  applied  to 
crack  length  (a)  measurements  recorded  as  a  function  of  time  (t) . 
These  calculations  and  those  of  static  stress-intensity  factor 
were  provided  to  the  data  processing  organization  for  reformatting 
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Data  Reporting  Procedures 


The  data  reporting  procedures  for  sustained-load 
cracking  data  are  similar  to  those  discussed  in  subsection  2.5.4 
for  fatigue  crack  growth  rates.  The  major  difference  between 
the  two  subcritical  cracking  rate  reporting  procedures  is  that 
da/dt  vs  Kfnax  describes  the  sustained-load  behavior  whereas 
da/dN  vs  AK  describes  the  fatigue  behavior.  The  reader  might 
also  note  that  no  a  vs  t  were  available  to  compare  with  the 
integrated  crack  growth  mean  trend  data  and  therefore  no 
life  prediction  ratios  were  presented. 


2.7  THRESHOLD  STRESS  INTENSITY 
2.7.1  The  Threshold 

In  many  environments,  materials  exhibit  a  condition 
whereby  cracks  are  not  observed  to  grow  if  the  static  stress 
intensity  factor  is  below  a  critical  level,  designated 
This  property  is  specific  for  a  given  material  in  a  given 
environment  within  a  specified  time  period.  In  high-strength 
materials,  K-  may  be  only  a  small  fraction  of  the  plane-strain 
fracture-toughness  value  (Kjc)  of  the  material.  In  lower  strength 
tougher  materials  where  plane-strain  conditions  still  prevail, 
Kiscc  approach  or  equal  if  the  environment  has  little 

or  no  effect  on  the  stress  intensity  required  to  propagate  a 
crack . 

Kiscc  ^^ta  have  been  obtained  with  a  variety  of 
specimens  including:  Cantilever  beam  (CANT),  3-point  loaded 
bend  beam  (ND) ,  4-point  loaded  bend  beam  (4-NB) ,  Single-edge- 
notch  tensile  (SENT) ,  Center-cracked  tensile  (CNT) ,  Part- 


through  surface-crack  (PTSC) ,  Compact  tension  (CT) ,  Bolt- 
loaded  WOL  (BWOL) ,  Double  cantilever  beam  (DCB) ,  and  Tapered 
or  contoured  double  cantilever  beam  (TDCB) .  All  specimens  are 
notched  and  precracked  by  fatigue,  and  many  specimens  are  side 
grooved  (SG)  to  ensure  that  the  crack  propagates  in  one  plane 
perpendicular  to  the  applied  tensile  loading  and  also  to 
minimize  the  contribution  of  shear  lips  at  the  edges  of  the  crack 

The  types  of  specimens  for  determining  Kjgcc  fall 
into  two  broad  categories;  those  that  are  loaded  by  weights  or 
tensile  machines  (see  Figure  2.21)  and  those  that  are  self- 
loaded  as  by  bolts.  The  former  require  bulky  setups  to 
accommodate  lever  arms,  weights,  and  tensile  machines  while 
the  latter  are  compact  and  portable.  Thus  the  environment  is 
applied  to  the  externally  loaded  specimens  usually  in  the  form 
of  a  small  container  sealed  onto  the  specimen,  while  the  self- 
loaded  specimen  may  be  completely  immersed  in  the  environment. 

Under  dead-weight  loading  conditions,  the  usual 
practice  is  to  run  a  number  of  specimens  at  various  stress 
intensities  less  than  for  a  finite  length  of  time  (more 
than  24  hours  and  usually  about  500  hours)  to  establish  Kigcc- 
Another  method  is  to  step  load  a  single  specimen  until  the 
crack  starts  to  propagate.  This  method  requires  holding  after 
each  load  increment  for  a  sufficient  time  to  establish  that 
crack  propagation  does  not  occur. 

Under  bolt  self-loading  conditions,  sufficient 
load  is  first  applied  to  the  bolt  to  cause  the  crack  to  extend 
beyond  its  precracked  position.  The  specimen  is  then  exposed 
to  the  environment.  As  the  crack  propagates  in  the  environment, 
the  stress-intensity  factor  decreases  at  the  tip  of  the 
advancing  crack  until  the  crack  arrests  at  K_  .  Specimen 
length  must  be  sufficient  to  ensure  that  the  crack  arrests 
before  completely  penetrating  the  specimen,  thus  assuring  that 
a  value  is  obtained  for  K,. 


2.7.2  Conditions  for  Validity  of  Data 


There  are  no  ASTM  standards  that  specifically 

cover  the  collection  of  data.  The  criterion  typically 

used  to  validate  data  is  that  the  thickness  dimension  (B) 

and  crack  length  (a)  are  greater  than  the  ASTM  E399  requirement 

for  plane-strain  fracture  toughness,  i.e.,  that  B  and  a  >.  2 . 5 
2 

(Kj^/Oyg)  .  Data  which  did  not  meet  this  criterion  are  identified 
in  the  tables  with  an  asterisk.  Many  tests  reveal  a 

drastic  reduction  in  the  stress  intensity  required  to  propagate 
a  crack  even  though  the  2.5  ^  criterion  is  not  met. 

Although  these  data  are  not  recommended  for  material  selection 
and  design  purposes,  they  do  indicate  a  qualitative  effect. 


CHAPTER  3 

STAINLESS  STEEL  ALLOY  SECTION 


3.0  Stainless  Steel  Material  Summaries 

3  1  AFC  260 

3.2  AFC  77 

3  3  AFC  77  (VAR) 

3.4  am  355 

3.5  AM  362 

3.6  AM  364 

3  7  Custom  455 

3  8  PH13-8MO 

3  9  PH  14-8  Mo 

3.10  PH  15-7  Mo 

3  11  15-5PH 

3  12  15-5PH(AM) 

3  13  15-5PH(VMt 

3.14  17-4  PH 

3.15  17-7  PH 

3.16  304 

3.17  316 

3.18  347 
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3.2. 3.1 

S-w'STAINED  CK.-i^CK  CKOWTH  KATES  AT  DEFINED  LEVELS 
nr  STRESS  intensity  factor 

DA'iA  ASSOCIATED  WITH  FIGURE  3. 2. 3. 1  INDICATING  EFFECT 


OF  ENVIRONMENT 


MATERIAL:  STAINLESS  STEEL  AFC  77 

CONDITION;  AUSTENITIZED  AT  201  OF,  QUENCHED  &  TEMPERED  AT  8iOF 

K 

MAX 

DA/DT  (10**- 3  IN/HnUR) 

{KSI*IN*«l/2) 
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B; 
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40.  00 

17.  5 

A:  47  00 

5213. 

K  MAX 

B; 

MAX 

C: 

D: 

ROOT  MEAN  SQUARE  62.  42 

PERCENT  ERROR 
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CONOITION/HT:  AUSTENITIZED  AT  201 0F,  QUENCHED  &  TEMPEF?ED  AT  810F 
FORM:  0.  08" TH  SHEET  SPECIMEN  THK: 

SPECIMEN  TYPE:  SPECIMEN  WIDTH: 

ORIENTATION.  CRACK  LENGTH  (Aq). 

YIELD  STRENGTH:  Kiscc^ 

■^vULT.  STRENGTH:  REFERENCES:85544 
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Figure  3. 2. 3. 1 
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lAPl.r  3. 7. 3.1 

FATIGUE  CRACK  GROWTH  RATES  AT  DEFINED  LEVELS 
OF  STRESS  INTENSITY  FACTOR 

DATA  ASSOCIATED  WITH  FIGURE  3. 7. 3.1  INDICATING  EFFECT 

OF  STRESS  RATIO 


MATERIAL:  STAINLESS 
CONDITION;  HIOOO 
ENVIRONMENT;  R.  T.  i 

3  STEEL  CUSTOM 

LAB  Ain 

455 

DELTA  K 

DA/DN  (10**-6  IN.  /CYCLE) 

<KSI»IN«*l/2> 

A 

B  C 

D 

R»^0.  JO 

R=-^0.  30 

A;  10.  07 

281 

DELTA  KB;  12.  71 

1.  04 

MIN  C: 

D; 

13.  00 

.  6‘?9 

1.  10 

16.  00 

1.  39 

1.  99 

20.  00 

2.  78 

3.  72 

25.  00 

4.  91 

30.  00 

6  90 

A;  32.  83 

8.  14 

DELTA  KB;  23.  86 

5.  31 

MAX  C; 

D: 

ROOT  MEAN  SQUARE 

11.  51 

2.  74 

PERCENT  ERROR 

LIFE 

PREDICTION 

RATIO 

SUMMARY 

<NP/NA> 


0.  0-0.  5 
0.  5-0.  8 
0.  S-1.  25 
1.  25-2.  0 
>2.  0 


^  1 


3.7-6 


CONDITION/HT;  HI  000 
FORM:  2.50"TH  FORCING 

SPECIMEN  TYPE:  CT 
ORIENTATION:  L-T 
FREQUENCY:  10.0-30.0  HZ 

ENVIRONMENT:  R.  T.  ,  LAB  AIR 


YIELD  STRENGTH:  195.  0  KSI 
ULT.  STRENGTH:  204.4  KSI 
SPECIMEN  THK:  0.  750" 
SPECIMEN  WIDTH:  2.  100" 
REFERENCES:RX004 


AK  (MPA  VTri) 


STRESS  RATIO  =  -^0.  10 


AK  (MPA  v/m) 


STRESS  RATIO  =  •►O.  30 


STRESS  RATIO 


STRESS  RATIO 


4  10  4 

AK  (KSI  Vm) 

Figure  3. 7. 3.1 

AK  (KSI  vTn) 

TAliLr  3. 7. 3. 2 


FATIGUE  CRACK  GROWTH  RATES  AT  DEFINED  LEVELS 
OF  STRESS  INTENSITY  FACTOR 

DATA  ASSOCIATED  WITH  FIGURE  3. 7. 3. 2  INDICATING  EFFECT 


OF  FREQUENCY 


MATERIAL;  STAINLESS  STEEL  CUSTOM  455 

CONDITION;  HIOOO 

ENVIRONMENT:  R.  T.  .  LAB  AIR 

DELTA  K 

DA/DN  (10**-6  IN.  /CYCLE) 

(KSI*IN**l/2) 

A  B  C  D 

F<H2)“  5.0  F(H2)«  10.0  F(H2>»=  20.0 

A 

62.  02 

39.  7 

DELTA  K  B 

25.  12 

4.  98 

MIN  C 

12.  70 

.  739 

D 

13.  00 

.  703 

16.  00 

1.  04 

20.  00 

3.  00 

25.  00 

3.  70 

30.  00 

7.  09 

35.  00 

10.  0 

40,  00 

13.  9 

50.  00 

25.  0 

60.  00 

70.  C  O 

68.  9 

A 

76.  71 

82.  1 

DELTA  K  D 

56.  40 

35.  0 

MAX  C 

25.  96 

3.  J6 

D 

ROOT  MEAN 

SQUARE 

9.  70  9.  22  22.  29 

PERCENT 

iRRDR 

LIFE  0.  0-0  5 

PREDICTION  0.  5-0.  8  1 

RATIO  0.8-1.25  1  1  1 

SUMMARY  1.25-2.0 
(NP/NA)  >2.  0 


CONDITION/HT:  HI  0081 
FORM:  2.S0"TH  FORCING 

SPECIMEN  TYPE:  CT 
ORIENTATION:  T-L 
STRESS  RATIO:  •►0.  10 
ENVIRONMENT:  R.  T.  .  LAB  AIR 


YIELD  STRENGTH:  IBS.  0  KSI 
ULT.  STRENGTH:  204.  4  KSI 
SPECIMEN  THK:  0.  750" 
SPECIMEN  WIDTH:  2.  100" 
REFERENCES:  R1004 


STAIN. 

STEEL 


CUSTOM 

45S 


AK  (KSI 


Figure  3. 7. 3. 2 


AK  (KSI  Vln) 


FATIGUE  CRACK  GROWTH  RATES  AT  DEFINED  LEVELS 
□F  STRESS  INTENSITY  FACTOR 


DATA  associated  WITH  FIGURE  3. 7.3.3  INDICATING  EFFECT 

OF  ENVIRONMENT 


MATERIAL: 

CONDITION 

STAINLESS  STEEL  CUSTOM 
HI  000 

455 

DELTA  K 
<KSl*IN*<tl/2) 

A 

DA/DN  (10«*-6 

B 

IN.  /CYCLE) 

C 

D 

E-=  R.  T. 

LAB  AIR 

E-o-  lOOF 

AIR 

A 

DELTA  K  B 
MIN  C 

D 

10.  09 

.  256 

13.  00 
16.  00 
20.  00 
25.  00 

.  828 

1.  A3 

2.  58 

4.  75 

A 

DELTA  K  B 
MAX  C 

D 

27.  10 

6  32 

ROOT  MEAN  SQUARE 
PERCENT  ERROR 

13.  93 

0.  00 

LIFE 

PREDICTION 

RATIO 

SUMMARY 

<NP/NA) 


0.  0-0 

5 

0.  5-0 

8 

0.  8-1 

25 

1. 25-2. 

0 

;>2. 

0 

3 


CONDITION/HT.  HI  000 
FORM:  2.  50"TH  FORGING 

SPECIMEN  TYPE.  CT 
ORIENTATION  T-L 
STRESS  RATIO:  •*•0.10 
FREQUENCY;  20. 0  -  30.  0  HZ 


AK  (MPA  y/m) 

4  10  40  100 

”r"'"nTn — 1‘ "m  '  mi'i 

ENVIRONMENT.  R.  T.  . 

LAB  AIR 


4 _ 10  40  100 


ENVIRONMENT. 


4  10  40  100 

AK  (KSI  v/Tn) 


YIELD  STRENGTH.  195.  0-  205.  0  KSI 
ULT.  STRENGTH.  204.  4  KSI 
SPECIMEN  THK;  0.750" 

SPECIMEN  WIDTH;  2.100" 
REFERENCES  RI004 


AK  (MPA  \/m) 
4  10  4 


ENVIRONMENT:  -  H 
AIR 


10^  Ir- 


4  10 


ENVIRONMENT: 


4  10  4 

AK  (KSI  -(/in) 


Figure  3. 7. 3. 3 
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3.8-15 


—PRODUCT—  TEST  SPECIMEN  VIELD  - BPCCIHEN -  CRACK  3  9*  NCIOSTAN 

CONDITION  PORN  THICK  TEMP  ORIENT  BTRENOTM  WIDTH  THICK  OCSION  LENOTN  (Kt  IC»/TV6>««3  K(1C»  MEAN  DEV 
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3.8-17 


OOA  00  C6  Pfi  0  -  A3  DOE  O  OOO  l  O  EOe  (t-T  A  M  OC  I  8H  OOOIHD 


FniiLi:  3. 8. 3.1 


FATIGUE  CRACK  GROWTH  RATES  AT  DEFINED  LEVELS 
OF  STRESS  INTENSITY  FACTOR 

DATA  ASSOCIATED  WITH  FIGURE  3.3. 3.1  INDICATING  EFFECT 

OF  STRESS  RATIO 


MATERIAL:  STAINLESS  STEEL  PH13-8M0 
CONDITION: 

ENVIRONMENT:  R.  T.  .  L.  H.  A. 


DELTA  K 
(KSI*IN**l/2) 


DA/DN  IN.  /CYCLE) 

A  B  C  D 


R«+0.  OB  R=+0.  30 


A 

13.  43 

.  370 

DELTA 

K 

B 

10.  60 

.  1  14 

MIN 

C 

D 

13.  00 

.  463 

16.  00 

.  936 

1  32 

20.  00 

2.  22 

2.  98 

25.  00 

4.  12 

5.  56 

30.  00 

6.  17 

8.  77 

35.  00 

8.  51 

13.  1 

40.  00 

11.4 

19.  6 

50.  00 

20  8 

60.  00 

40.  2 

A 

61.  76 

45.  5 

DELTA 

K 

B 

48.  07 

38  4 

MAX  C 
D 


ROOT  MEAN  SQUARE  8  38  7  23 

PERCENT  ERROR 


LIFE  0.  0-0  5 

PREDICTION  O.  5-0.  8 

RATIO  O.  e-1.25  1 

SUMMARY  1.25-2.  <  ■  1 

(NP/NA)  >2  0 


3.8-  18 


CONDITION/HT: 

FORM:  EXTRUDED  BAR 
SPECIMEN  TYPE:  CT 
ORIENTATION:  L-T 
FREQUENCY:  6.  B  HZ 

ENVIRONMENT:  R.  T.  ,  L.  H.  A. 


AK  (MPA  \/m) 

4  10  40  100 


4  10  40  100 

r  '  I  M'H — r  '  I  'I'R™ 

STRESS  RATIO  = 


YIELD  STRENGTH: 201.  0  KSI 
ULT  STRENGTH:  212.0  KSI 
SPECIMEN  THK:  0.  260" 
SPECIMEN  WIDTH:  6.  000" 
REFERENCES:8e579 


AK  (MPA  v^) 

4  10  40 


STAIN. 

STEEL 
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10  ^ 
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10 

10‘* 

10 

10'^ 

10 

10'^ 

id' 

10® 

10 

10® 

10 

4  10  40  100 

AK  (KSI  \/m) 


STRESS  RATIO  -  +0,  30 


'  1  I  .  i  i  l.hl  1  ■ 

1  4  10  40  100 

=  I  '  nrn — i  'mim 

-  STRESS  RATIO  * 


4  10  40 

AK  (KSI  s/Tn) 


Figure  3.8. 3.1 
3.3-19 


da/dN  <mm/cycle)  da/dN  (mm/cycle) 


TABLt  3. 8. 3. 2 


FATIGUE  CRACK  GROWTH  RATES  AT  DEFINED  LEVELS 
OF  STRESS  INTENSITY  FACTOR 

DATA  ASSOCIATED  WITH  FIGURE  3.8. 3. 2  INDICATING  EFFECT 


OF  ENVIRONMENT 


MATERIAL:  STAINLESS  STEEL  PH13- 
CONDITION: 

8M0 

DELTA  K 

DA/DN  (10**-6 

IN.  /CYCLE) 

(KSI*IN**l/2) 

A 

B 

C 

D 

E»  R.  T. 

E=-  65  F 

E=  R.  T. 

L.  H.  A.  -6.  OHZ 

L.  H  A.  -6.  OHZ 

S.  T.  W.  -1.  OHZ 

A:  13.  43 

.  370 

DELTA 

K  B:  13.  84 

.  259 

MIN 

C;  12.  50 

148 

D: 

13.  00 

.  211 

16.  00 

.  936 

.  531 

962 

20.  00 

2.  22 

1.  32 

2.  85 

25.  00 

4.  12 

2.  79 

6  10 

30.  00 

6.  17 

4.  78 

10.  6 

35.  00 

8.  51 

7.  39 

17.  9 

40.  00 

11.  4 

10.  8 

31  5 

50.  00 

20.  8 

21.  6 

60.  00 

40.  2 

41.  8 

A:  61.76 

45.  5 

DELTA 

KB:  62.  88 

50.  5 

MAX 

C.  42.46 

42.  5 

D: 

ROOT  MEAN  SQUARE 

8.  38 

7.  09 

6.  15 

PERCENT  ERROR 

LIFE  0,  0-0.  5 

PREDICTION  0,  5-0.  B 

RATIO  0  8-1  21  1  1  1 

SUMMARY  1.25-2.0 
(NP/NA>  >2  0 


V 


YIELD  STRENGTH: 201.0  KSI 
ULT.  STRENGTH:  212.  0  KSI 
SPECIMEN  THK:  0.250-  0.  260‘ 

SPECIMEN  WIDTH:  6.  000" 
REFERENCESfl8570 


yXOrvS'.VW'A  , 


TALLt:  3. 8. 3. 3 

FATiaUE  CRACK  GROWTH  RATES  AT  DEFINED  LEVELS 
OF  STRESS  INTENSITY  FACTOR 

DATA  ASSOCIATED  WITH  FIGURE  3.8. 3. 3  INDICATING  EFFECT 

OF  FREQUENCY 


I 

MATERIAL:  STAINLESS  STEEL  PH13-8M0 

CONDITION:  HIOOO 

ENVIRONMENT:  R.  T.  ,  LAB  AIR 

'  h 

DELTA  K 

DA/DN  (10**-6 

IN. /CYCLE) 

1 

J 

I 

<K8I*IN**l/2) 

1 

A  B 

C 

D 

F(HZ)*=  1.00 

i 

1 

y 

1 

ks 

A:  22.  06 

5.  28 

1 

i 

DELTA  K  B: 

1 

MIN  C. 

V. 

D: 

25.  00 

6.  49 

30.  00 

9.  06 

B 

35.  00 

12.  5 

9 

40.  00 

17.  1 

50.  00 

31.  6 

vi 

A:  56.  54 

46.  7 

j 

S' 

DELTA  K  B: 

1 

■ 

MAX  C: 

i 

D; 

1 

ROOT  MEAN  SQUARE 

1.  97 

PERCENT  ERROR 

LIFE  0.  0-0.  5 
PREDICTION  0.  5-0.  8 
RATIO  0.8-1.25 

SUMMARY  1.25-2.0 
(NP/NA)  >2.  0 


3.8-22 


CONDITION/HT:  HI  000 
FORM:  2.  50"TH  BAR 

SPECIMEN  TYPE:  CT 
ORIENTATION:  l-T 
STRESS  RATIO:  ♦0.  02 
ENVIRONMENT:  R.  T.  .  LAB  AIR 


YIELD  STRENGTH:  205.  0  KSI 
ULT.  STRENGTH:  211.5  KSI 
SPECIMEN  THK:  1.250" 
SPECIMEN  WIDTH:  5.  000" 
REFERENCES:  88 136 


STAIN. 

STEEL 


PH13-8M 


,o’i 


10’^  1 
•o 


l.-.ilLL  3.8.3. 4 

"ATIOUE  CRACK  GROWTH  RATES  AT  DEFINED  LEVELS 
OF  STRESS  INTENSITY  FACTOR 

DATA  ASSOCIATED  WITH  FIGURE  3.3. 3. 4  INDICATING  EFFECT 

OF  ENVIRONMENT 


MATERIAL:  STAINLESS  STEEL  PH13-8M0 
CONDITION:  HIOOO 


DELTA  K 
(KSI*IN**l/2) 


DA/DN  (10**-6  IN. /CYCLE) 
B  C 


DELTA  K  B: 
MIN  C; 
D: 


8.  54 


E==  R.  r. 

L.  H.  A. 


9.  00 

236 

10.  00 

.  341 

13.  00 

.  9B6 

16.  00 

2.  11 

20.  00 

4.  02 

25.  00 

6.  85 

30.  00 

10.  3 

35,  00 

14.  6 

A:  35.  SO 

DELTA  K  B: 


15.  4 


ROOT  MEAN  SQUARE 
PERCENT  ERROR 


17.  07 


LIFE  0.  0-0  0 

PREDICTIun 

0.  5-0.  6 

RATIO 

0.  8-1.  25 

1 

SUMMARY 

1. 25-2  0 

(NP/NA) 

>2.  0 

3.8-24 

ouiUtaiaakiittSfe 


CONDITION/HT:  H1000 
FORM:  6.  00"TH  BILLET 

SPECIMEN  TYPE;  CT 
ORIENTATION  L-T 
STRESS  RATIO:  *0.  06 
FREQUENCY:  8.  00  H2 


AK  (MPA  v/rn) 

4  10  40 


ENVIRONMENT:  R. 

L.  H.  A. 


4  10  40 

I . '  I'  MI'I - r-T-n 

ENVIRONMENT: 


4  10  40 

AK  (KSI  -s/m) 


YIELD  STRENGTH:  191.  0  KSI 
ULT  STRENGTH:  200.  0  KSI 
SPECIMEN  THK :  0.  997  " 
SPECIMEN  WIDTH:  6.  191  " 
REFERENCES35837 


AK  (MPA  \/m) 
I  10  4 
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10' 
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10'^ 

10' 

10'^ 

io' 

10“ 

10' 

10'^ 

io‘ 

10' 

10® 

10 ' 

10° 
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10 ' 

10  ' 

10' 

4  10 

1  n''  I'I'I 

ENVIRONMENT 


1  4  10  4 

t=  I  '  I '  I'I'I — 

-  ENVIRONMENT: 


100 

Figure  3. 8. 3. 4 


4  10  4 

AK  (KSI  •s/Tn) 


STAIN. 

STEEL 


TAi.’U;  3. 8. 3. 5 


FATIUUE  CRACK  GROWTH  RATES  AT  DEFINED  LEVELS 
OF  STRESS  INTENSITY  FACTOR 

DATA  ASSOCIATED  WITH  FIGURE  3. 8. 3. 5  INDICATING  EFFECT 

OF  ENVIRONMENT 


MATERIAL;  STAINLESS  STEEL  PHI3-8M0 
CONDITION;  HIOOO 


DELTA  K 
(KSI*IN**l/2) 


DA/DN  (10**-6  IN.  /CYCLE) 
B  C 


E*- 

L.  H.  A. 


DELTA  R  B 
MIN  C 
D 


DELTA  K  D 
MAX  C 
D 


8.  14 

.  129 

9.  00 

.  172 

10.  00 

.  238 

13.  00 

.  552 

16.  00 

1.  05 

20.  00 

2.  02 

25.  00 

3.  92 

30.  00 

7.  14 

35.  00 

12.  7 

35.  96 

14.  2 

ROOT  MEAN  SQUARE 
PERCENT  ERROR 


6.  53 


LIFE 

PREDICTION 

RATIO 

SUMMARY 

<NP/NA) 


0.  0-0 
0.  5-0 
0.  8-1 
1.  25-2 


3.8-26 


n/cycle)  da/dN  (in/cycle) 


CONDITION/HT:  H100B 
FORM  6.  00"TH  BILLET 
SPECIMEN  TYPE:  CT 
ORIENTATION  S-T 
STRESS  RATIO:  -0.  08 
FREQUENCY;  6.00  HZ 


YIELD  STRENGTH:  190.  0  KSI 
ULT.  STRENGTH;  207.0  KSI 
SPECIMEN  THK:  1.000" 
SPECIMEN  WIDTH:  4.  940" 
REFERENCES:8e57g 


STAIN. 

STEEL 


PH13-eMd 


AK  (MPA  x/m) 

4  10  40 
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AK  (MPA  v/m) 

4  10  40  100 
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Figure  3. 8. 3. 5 
3.3-27 


FATIGUE  CRACK  GROWTH  RATES  AT  DEFINED  LEVELS 
OF  STRESS  INTENSITY  FACTOR 

DATA  ASSOCIATED  WITH  FIGURE  3.3. 3.6  INDICATING  EFFECT 

or  ENVIRONMENT 

MATERIAL:  STAINLESS  STEEL  PH13-8M0 
CONDITION:  HIOOO 


ROOT  MEAN  SQUARE  5.  2S 

PERCENT  ERROR 


LIFE  0.  0-0.  D 

PREDICTION  0.  5-0  8 

RATIO  0.8-1.25  1 

SUMMARY  1  25-2  O 
(NP/NA)  ;>2.  O 


CONDITION/HT:  H1000 
FORM;  22.  00"TH  BILLET 
SPECIMEN  TYPE:  CT 
ORIENTATION  T-L 
STRESS  RATIO;  ♦B.  08 
FREQUENCY:  6.  00  HZ 


u 

> 

o 

c 

AK  (MPA  v/rn) 

4  10  40  100 

I  ’Tn’i'T — f  '  rn'i'i 

ENVIRONMENT;  R,  T.  . 

L.  H.  A. 


4  10  40  100 

I  '  I  '  I'I'l - 1  '  I  'I'I'I 

ENVIRONMENT; 


YIELD  STRENGTH:  190.  0  KSI 
ULT.  STRENGTH;  207.  0  KSI 
SPECIMEN  THK;  1.000" 
SPECIMEN  WIDTH;  4.940" 
REFERENCES:88579 


(MPA  v/m) 
4  10  41 
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(D 

10  ' 
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-  ENVIRONMENT: 
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AK  (KSI  V 

Figure  3. 8. 1.6 
3. 8-29 


4  10  * 

AK  (KSI  >/in) 


STAIN. 

STEEL 


PH13-eM 
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—  u 

—  >* 
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10-^1 

10^  1 

■D 


10- I 


10  ''  « 


3. 8. 3. 7 


FAT I CUE  CRACK  CRQWTH  RATES  AT  DEFINED  LEVELS 
OF  STRESS  INTENSITY  FACTOR 

DATA  ASSOCIATED  WITH  FIGURE  3.3. 3.7  INDICATING  EFFECT 

OF  STRESS  RATIO 


MATERIAL:  STAINLESS  STEEL  PHIS-SMO 
CONDITION.  HIOOO 
ENVIRONMENT;  R,  T.  .  L.  H.  A. 


DELTA  K 
(KSI*IN*<H/3) 


•w 

1 

A 

B 

m 

R«+0.  08 

R«+o.  50 

A 

7.  96 

.  154 

DELTA  K  B 

7.  25 

.  252 

MIN  C 

D 

8.  00 

156 

.  383 

>5 

9.  00 

.  219 

.  598 

A 

10.  00 

.  335 

.  852 

13.  00 

1.  12 

1. 82 

1 

16.  00 

2  31 

3  10 

ST 

20.  00 

3.  83 

5.  59 

25.  00 

5.  93 

11.0 

•:v 

30.  00 

9.  36 

21.  3 

« 

35.  00 

15.  7 

40.  00 

24.  2 

50.  00 

34.  1 

v' 

A 

59.  52 

48.  3 

DELTA  K  B 

33.  12 

32.  5 

MAX  C 

s 

D 

•  ,  • 

*  m  " 

9 

»  ’Pi 

15.  95 

11  43 

9  ,  • 

•t  ^ 

V 

. 

'^>'0.'  N'' 

■  -K  rj  „  ;  :: 

'  t»EDlC  :  .'’N  7  < 

a  '  -1.  33 

‘  3-7:  0 

■'<P'Na>  ..2  0 


DA/DN  (10**-6  IN.  /CYCLE) 
B  C 


3.8-30 


CONDITION/HT: 

HI  000 

STAIN. 

FORM;  1.  50" 

TH  EXTRUDED  BAR 

YIELD  STRENGTH;  214.  0  KSI 

STEEL 

SPECIMEN  TYPE: 

CT 

ULT.  STRENGTH:  221.  0  KSI 

ORIENTATION:  L 

— T 

SPECIMEN  THK:  1.000" 

FREQUENCY: 

6.  0  HZ 

SPECIMEN  WIDTH;  6.  170-  6.180" 

PH13-8MC 

ENVIRONMENT: 

R.  T.  .  L.  H.  A. 

REFERENCES:a8579 

■i 

A.<  (MPA  v/m) 

4  10  40  100 

■yrrmi - 1 — I  I  I  I II II 


STRE;  .=  RATIO  =  ■►B.  06 


4  10  40  100 

I  '  I  '  I'I'I - r~'-  I"' I 'I 'I 

STRESS  RATIO  = 


n — =fi 

r=jl0 


AK  (MPA  ^/m) 

4  10  40 


10^ 

10 

lO"* 

10 
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io' 

10 
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10‘ 

10° 

® 

10' 

10  ’ 

10  ^ 

10 

10  ^ 

io‘ 

10'’ 

10 

10^ 

10* 

10' 

10® 

10 ' 

=  r  '  1 '  I'I'I — r'-\  ''1 
STRESS  RATIO  =  4-0.  50 

~ 

— 

4  10  40 


STRESS  RATIO  = 


4  10  40  100 

AK  (KSI  \/Tn) 

Flt’ure  3.8. 3.7 


4  10  40 

AK  (KSI  V^l 


rf".  •"  *• 


I 


T/iuLl.  3  ,8 . 3 . 8 

Fatigue  crack  growth  rates  at  defined  levels 

OF  STRESS  INTENSITY  FACTOR 

DATA  ASSOCIATED  WITH  FIGURE  3.8. 3.8  INDICATING  EFFECT 


1 

€ 

A 

X 


i- 


P 

' . 


OF  ENVIRONMENT 


MATERIAL; 

STAINLESS  STEEL  PH 13- 

8M0 

-  ] 

CONDITION 

HI  000 

1 

DELTA  K 

DA/DN  (10**-6 

IN.  /CYCLE) 

(KSI*IN**1 /2) 

’ 

A 

B 

C  D 

1 

E=  R.  T 

E=-  65  F 

R.  T  . 

i 

L  H.  A.  -6.  0H7 

L  H.  A.  OHZ 

S.  T.  W.  -1.  OHZ 

A 

7.  9o 

.  156 

DELTA  K  B 

7.  62 

.  112 

1 

MIN  C 

8.  27 

.  388 

D 

8.  00 

.  157 

.  123 

1 

9.  00 

.  216 

.  167 

.  479 

] 

10  00 

.  331 

.  236 

.  643 

j 

13.  00 

1.  14 

.  635 

1.  49 

1 

16.  00 

2.  33 

1.  31 

3.  13 

20.  00 

3.  73 

2.  87 

7.  11 

1 

25  00 

5.  82 

4.  64 

15.  0 

i 

30.  00 

9.  82 

27.  0 

1 

35.  00 

16  2 

1 

40.  00 

23.  2 

i 

SO.  00 

34.  4 

1 

•% 

59.  52 

46.  5 

< 

DELTA  K  5 

29.  92 

12.  3 

1 

MAX  C 

34.  43 

43.  7 

j 

D 

1 

ROOT  MEAN 

SQUARE 

16.  24 

16  25 

8  27 

PERCENT  ERROR 

i 

LIFE 

PREDICTION 

RATIO 

SUMMARY 

<NP/NA) 


0.  0-0  S 
0.  5-0  8 
0  B-1  25 
1 . 25-2  O 

:-2  0 


1 


1 


?■»; 

A 


3.8- 


CONDITION/HT:  H1000 

FORM:  1.  50*’TH  EXTRUDED  BAR 

SPECIMEN  TYPE:  CT 

ORIENTATION  L-T 

STRESS  RATIO  ♦B.  00 

FREQUENCY: 


AK  (MPA  y/m) 

4  10  40  100 

I  ■>  1  ^1 '  rr - 1  'ri'  I'I'I 

ENVIRONMENT:  R.  T.  , 

L.  H.  X  -6.  0HZ 


4  10  40  100 

I  'I'l'l'l 


YIELD  STRENGTH:  208.  0-  214.0  KSl 
ULT.  STRENGTH:  218.0-  221.0  KSl 
SPECIMEN  THK:  0.909-  1.000" 

SPECIMEN  WIDTH:  6.  170-  6.  180" 

REFERENCES:88570.  85837 


AK  (MPA  y/m) 
4  10  41 


10° 

® 

10  ’ 

10’ 

10  ^ 

10 

10  ^ 

io‘ 

10“ 

10 

10'^ 

10^ 

10® 

10' 

10 

:NVIRONMENT:  -  t 
L.  H.  A.  0HZ 


4  10 

I  '  PT'ni — 

ENVIRONMENT 


4  10  40  100 

AK  (KSl  v^) 

Figure  3.S.3.8 


1.8-31 


4  10  ' 

AK  (KSl  >/7n) 


10'^  1 
n 


10  ^ 


10  ‘  « 


3. 8. 3. 9 


FmTIGUE  crack  growth  rates  at  DEr  irvED  LEVELS 
OF  STRESS  INTENSITY  FACTOR 

DATA  ASSOCIATED  WITH  FIGURE  3.8. 3. 9  INDICATING  EFFECT 

OF  ENVIRONMENT 


MATERIAL:  STAINLESS  STEEL  PH13-8M0 
CONDITION;  HIOOO 


DELTA  K 
<KSI*IN»*l/2> 


DELTA  K 
MIN 


DELTA 

MAX 


DA/DN  (10**-6  IN.  /CYCLE) 


A 

B 

R  T. 

E*  R.  T 

LAB  Alt; 

SIM.  SEA 

A 

12.  29 

1  26 

D 

12.  13 

1  30 

C 

D 

13.  00 

1  53 

1.  82 

16.  00 

2  99 

4.  36 

20.  00 

5.  44 

9.  07 

25.  00 

9  04 

16.  1 

30.  00 

13.  0 

23.  9 

35.  00 

17  3 

32.  3 

40.  00 

21. 3 

41. 8 

50.  00 

31 . 9 

65.  5 

60.  00 

44  0 

99  7 

70.  00 

58.  6 

80.  00 

76.  7 

90.  00 

99.  1 

100.  00 

127. 

130.  00 

259 

A 

154.  80 

457. 

B 

69.  01 

145 

C 

D 

^N 

SQUARE 

6.  33 

1 1  04 

PERCENT  ERROR 


D 


LIFE 

PREDICTION 

PATIO 

SUMMARY 

(NP/NA) 


0.  0-0  5 
0.  5-0  8 
0.  8-1  25 
1,  25-2  0 
:2  0 


3.8-34 


CONDITION/HT:  H100B 
FORM  3.00"TH  FORCING 
SPECIMEN  TYPE:  CT 
ORIENTATION  L-T 
STRESS  RATIO:  ♦B.  10 
FREQUENCY:  1.  00-  10,  00  HZ 


YIELD  STR'^  4GTH:  208.  0  KSI 
ULT  STRENGTH:  210.6  KSI 
SPECIMEN  THK;  1.003-  1.005" 

SPECIMEN  WIDTH:  A.  S00-  7.  400* 

REFERENCES:NC002 


STAIN. 

STEEL 


AK  (MPA  v^) 


10 


10 


10 


10" 


10' 


10® 


AK  (KSI  v/Tn) 


AK  (MPA  v/m) 

4  10  40  100 


10° 

vit' 

10' 

10’ 

10'^ 

10 

10'^ 

io" 

io" 

10 

10'^ 

io' 

10' 

10° 

10' 

10° 

® 

,3 


-s 


=  j  M'rri — 1  'j'i'i'i  ^ 

-  ENVIRONMENT:  R.  T.  ,  — 

SIM.  SEA  WATER  = 

— 

— 

— 

- 

/ 

— 

f 

— 

— 

1  1  1  I  1  ilii 

i _ 1  1  1  1 1  li 

— 

10 


10‘ 


10^ 


10 


10 


10- U 


,-7 


10 


10' 


ENVIRONMENT: 


1  .  lili 


PH13-8MQ 


10' 


10 


2  _ 
4) 
O 
>• 
u 

Z 

10  ro 
•D 


-5 


40  100 


i  I  IjIiIi 


10 


10® 


10' 


10' 


10 


•2  ^ 

A 

z 

—A  10 "  « 

rs 


.■b 


^10 


10® 


10  40  100 

AK  (KSI  -s/m) 


Figure  3. 8. 3. 9 


3.3-35 


3.8.3.10 


FATIGUE  CRACK  GROWTH  RATES  AT  DEFINED  LEVELS 
OF  STRESS  INTENSITY  FACTOR 

DATA  ASSOCIATED  WITH  FIGURE  3. 8 . 3. 10  INDICATING  EFFECT 

or  ENVIRONMENT 

MATERIAL;  STAINLESS  STEEL  PHlS-flMO 
CONDITION;  HIOOO 


DELTA  K 
<KSI*IN*«l/2) 


E=  R.  T. 
LAB  AIR 


DA/DN  (10**-6  IN. /CYCLE) 


E=  R.  T. 

SIM.  SEA  WATER 


DELTA  K  B 
MIN  C 
D 


12.  18 

1. 

37 

12.  34 

1. 

57 

13.  00 

1 

70 

1. 

93 

16.  00 

3. 

16 

4. 

42 

20.  00 

5. 

57 

8. 

95 

25.  00 

9. 

04 

15. 

5 

30.  00 

12. 

9 

22. 

8 

35.  00 

17. 

0 

31. 

2 

40.  00 

21 

6 

40. 

9 

50.  00 

32. 

1 

65. 

4 

60.  00 

45. 

2 

99. 

7 

70.  00 

61  . 

7 

148. 

80.  00 

82 

8 

212 

90.  00 

1 10. 

296. 

100.  00 

145 

404. 

130.  00 

896. 

A:  116.66 
DELTA  KB:  137.  87 


1074. 


ROOT  MEAN  SQUARE 

6.  07 

12  77 

PERCENT  ERROR 

LIFE  0.  0-0.  0 

PREDICTION  0.  5-0  8 

RATIO  0.  8-1.25 

SUMMARY  1.25-2  0 

<NP/NA)  :-2  O 


3.8-3f) 


CONDITION/HT:  H1000 
FORM:  3.  00*’TH  FORCING 

SPECIMEN  TYPE:  CT 
ORIENTATION  T-L 
STRESS  RATIO:  *«-0.  10 
FREOUENCY:  1.  00-  10.  00  HZ 


YIELD  STRENGTH:  205.  4  KSI 
ULT  STRENGTH  210.  9  KSI 
SPECIMEN  THK  1.003-  1.005" 

SPECIMEN  WIDTH:  4.  500-  7.  400" 

REFERENCES:NC002 


STAIN. 

STEEL 


PH13-8M 


AK  (MPA  v/ni) 


ENVIRONMENT:  R.  T.  , 

TIab  air 


I  ^ 


-dio- 


4  10  40  100 


AK  {MPA  v/fTi) 


ENVIRONMENT:  R. 

SIM.  SEA 'WATER 


4  10 


4  10  40  100 

AK  (KSI 

Fieure  3.8.3.10 


4  10  - 

(KSI  v^i 


,0  ■'  I 

10'^  1 
■O 


10  ^  S 


z 

•o 

10"’  '(D 
T3 


3.8.3.11 


fatigue  crack  growth  rates  at  defined  levels  a-;-. 

OF  STRESS  INTENSITY  FACTOR 

DATA  ASSOCIATED  WITH  F IGURE  3. 8 . 3. 11  INDICATING  EFFECT 


or  STRESS  RATIO 


MATERIAL;  STAINLESS  STEEL  PHIS-QMO 

CONDITION;  HlOOO 

ENVIRONMENT.  P.  T  .  DRY  AIR 

DELTA  K 

DA/DN  (10**-6 

IN.  /CYCLE  ) 

(KSI»IN**1/2j 

A 

B 

C 

1) 

Rct-O.  10 

R=+0.  30 

Rc+O.  50 

A;  8.91 

.  137 

delta  KB:  7.  4' 

.  177 

MIN  C:  6.2'r 

.  0264 

D: 

7.  00 

.  120 

a.  00 

.  244 

.  243 

9.  00 

.  144 

,  393 

.  413 

10.  00 

.  239 

.  582 

.  641 

13.  00 

.  724 

1.  36 

1.  58 

16.  00 

1.  53 

2.  41 

2.  80 

20.  00 

3.  07 

4.  17 

4.  79 

25,  00 

5  69 

6.  96 

B.  03 

30.  00 

9  00 

10.  5 

12.  6 

35  00 

13.  0 

15.  1 

19.  5 

40.  00 

17.  7 

21.  1 

50  00 

29  6 

60.  00 

45.  7 

70.  00 

67,  2 

80.  00 

95.  9 

A:  85.  01 

114. 

DELTA  KB:  40.  86 

22  2 

MAX  C:  37,  95 

25.  1 

D. 

ROOT  MEAN  SQUARE 

5.  19 

5.  60 

6.  49 

PERCENT  ERROR 

LIFE 

PREDICTION 

RATIO 

SUMMARY 

<NP/NA> 


0  0-0  ? 
0.  5-0  e 
0.  B-1 
1  00-2  0 
>2  0 


1 


3.8-38 


AK  (KSI  V'fi)  AK  (KSI  \/Tn) 


Figure  3.8,3.11 


3.8- 39 


T.M’;.:  3.8.3.12 

FATIGUE  CRACK  GROWTH  RATES  AT  DEFINED  LEVELS 
OF  STRESS  INTENSITY  FACTOR 

DATA  ASSOCIATED  WITH  FIGURE  3.3.3.12  INDICATING  EFFECT 

OF  STRESS  RATIO 


MATERIAL:  STAINLESS  STEEL  PH13-8M0 
CONDITION:  HIOOO 
ENVIRONMENT;  R.  T.  .  H.  H.  A. 


DELTA  K 

DA/DN  ( 10**-6 

IN.  /CYCLE) 

(KSI*IN**l/2) 

A 

B 

C 

R  =+0.  10 

R=+0.  30 

R--t-0.  50 

A;  9.  78 

.  219 

DELTA  K 

B:  9.  28 

.  576 

MIN 

C:  6.  78 

.  393 

D; 

7.  00 

.  299 

8.  00 

.  375 

9.  00 

.  592 

10.  00 

.  294 

.  818 

.  942 

13.  00 

1.  52 

2  50 

2.  89 

16.  00 

3.  61 

5  41 

6.  11 

20.  00 

7.  56 

11.3 

12.  5 

25.  00 

16.  0 

21  9 

24.  6 

30.  00 

28  7 

36.  0 

43.  1 

35.  00 

45  4 

53  6 

71.  2 

40.  00 

64.  9 

74,  8 

1 14. 

50.  00 

105 

129 

A:  59.  32 

133. 

DELTA  K 

b  :  SO.  68 

134. 

MAX 

C:  47.33 

221. 

ROOT  MEAN  SQUARE 
PERCENT  ERROR 


13  2? 


7.  15 


n  69 


LIFE 

PREDICTION 

RATIO 

SUMMARY 

(NP/NA> 


0.  0-0  5 
0  5-0  e 
0  8-1  25 
1.  25-2  0 
>2  0 


3. 8-^0 


CONDITION/HT.  H1000 
FORM:  1.00**TH  FORGED  BAR 

SPECIMEN  TYPE:  CT 
ORIENTATION:  L-T 
FREQUENCY:  1.  0  HZ 

ENVIRONMENT:  R.  T.  .  H.  H.  A. 


STRESS  RATIO  =  ■►0.  10 


o  10^ 


4  10  40  100 


STRESS  RATIO  =  ■►0,  50 


YIELD  STRENGTH:  215.  0  KSI 
ULT.  STRENGTH:  221.0  KSI 
SPECIMEN  THK:  0.  501-  0.  504“ 

SPECIMEN  WIDTH:  3.  986--  4.  006" 

REFERENCES  00009 


AK  (MPA  vTti) 


STRESS  RATIO  =  ♦B.  30 


4  10  40 


4  10  40  100 

AK  (KSI  y/^) 

Figure  3.8.3.12 

3.8-4] 


4  10  40 

AK  (KSI  V^) 


STAIN. 

STEEL 


PH13-eM 


FATIGUE  CRACK  GROWTH  RATES  AT  DEFINED  LEVELS 
OF  STRESS  INTENSITY  FACTOR 


DATA  ASSOCIATED  WITH  FIGURE  3.8. 3. 13  INDICATING  EFFECT 

OF  STRESS  RATIO 


HATER lAL;  STAINLESS  STEEL  PH13-QM0 
CONDITION;  HIOOO 
ENVIRONMENT;  R.  T.  ,  DRY  AIR 


DELTA  K 
(KSI*IN**l/2) 


DELTA  K 
MIN 


TA 
TIAX 


DA/DN  (10**-6  IN  /CYCLE) 


A 

0 

C 

o 

o 

+ 

II 

q: 

R=-^0.  30 

R  =  +0.  50 

A;  9.  25 

.  147 

B:  7.  78 

.  176 

C:  6.  00 

.  121 

D 

7.  00 

153 

8  00 

.  193 

.  220 

9.  00 

.  289 

.  335 

10.  00 

.  265 

.  426 

.  51  1 

13.  00 

.  737 

1.  15 

1.  40 

16.  00 

1.  59 

2.  29 

2.  62 

20.  00 

3.  14 

4.  17 

4,  60 

23.  00 

5.  52 

6.  93 

7.  62 

30.  00 

B.  27 

10  2 

11.5 

35.  00 

11.4 

14  4 

16.  8 

40  00 

15.  0 

19.  8 

24.  1 

50.  00 

24.  3 

37.  1 

60  00 

37  7 

69  9 

70  00 

57.  6 

134. 

80.  00 

87.  4 

A:  86  SCi 

116 

B:  73^ 

r/1 

C  48 

42.  9 

D 

\N  SQUARE 

8  22 

7  37 

6.  14 

PERCENT  ERROR 


oee  o  o-c  r: 

PREDATION  0  5-C  B 

FATTD  0.  B— i  Zo  1  1 

SUPtmRY  1  2e'.-2  0 
NF/NA)  :2  G 


3.8-43 


3.8.3.14 


TAtL.:- 

FA31GUE  CRACK.  ilROWTH  RATES  AT  DEFINED  LEVELS 
OF  STRESS  INTENSITY  FACTOR 

DATA  associated  WITH  FIGURE  3.8.3.14  INDICATING  EFFECT 


OF  stress  ratio 


MATERIAL:  STAINLESS  STEEL  PH13-8M0 

CONDITION:  HIOOO 

ENVIRONMENT:  R.  T.  ,  H.  H.  A. 

DELTA  K 

DA/DN  (10«*-6 

IN.  /CYCLE) 

<KSI*IN**l/2) 

A 

D 

C 

D 

R=+0.  10 

R=-fO.  30 

R=^^-0.  50 

A:  11.  42 

.  928 

DELTA  K  B:  9.  13 

.  466 

MIN  C:  6.  87 

.  299 

D: 

7.  00 

.  342 

B.  00 

468 

( 

9.  00 

.  625 

1 

1 

10.  00 

.  543 

1. 08 

13.  00 

1  09 

2.  16 

3.  06 

•  •  • 

16.  00 

2.  57 

4.  48 

5.  84 

20.  00 

6.  71 

9.  37 

11.  6 

25.  00 

15  3 

19.  2 

24,  3 

30.  00 

26  6 

34  6 

47.  9 

35.  00 

30  7 

58.  0 

91 . 9 

40.  00 

52  4 

92.  B 

174, 

50  00 

IOC. 

21  5. 

607, 

60  00 

259 

A:  62.  14 

303. 

DELTA  Kb:  56. 12 

339. 

i 

MAX  C:  50.  46 

643 

D 

ROOT  MEAN  SQUARE 

33  16 

14  35 

12  25 

PERCENT  ERROR 


LIFE  0.  0-0  S 

PREDICTION  0.  5-0  8 

RATIO  /  0.  8-1.  25  2  1 

SUMMARY  1  25-2  0  1 

(NFVNA)  .'2  0 


CONDITION/HT;  H100B 
FORM  1.00"TH  FORGED  BAR 
SPECIMEN  TYPE  CT 
ORIENTATION:  T-L 
FREQUENCY:  1.  0  HZ 

ENVIRONMENT:  R.  T.  .  H.  H.  A. 


AK  (MPA  vTn) 


STRESS  RATIO  =  ♦O.  10 


4  10  40  100 


STRESS  RATIO  =  ♦g,  50 


YIELD  STRENGTH:  216.  0  KSI 
ULT  STRENGTH:  222.  6  KSI 
SPECIMEN  THK:  0.  4S9-  0.  504" 

SPECIMEN  WIDTH  3.982-  4.  117’ 

REFERENCES:GD009 


AK  (MPA  v^) 


STRESS  RATIO  =  •*■0,  30 


4  10  40 


4  10  40  100 

AK  (KSI  v/ln) 

Figure  3. 8. 3. 1^4 


4  10  40 

AK  (KSI  v/ln) 


3,8-45 


stain. 

STEEL 


PH13-eM 


TAiiLf  3.8.3.15 

rATIClUE  CRACK  GRCIUTH  RATES  AT  DEFINED  LEVELS 
OF  STRESS  INTENSITY  FACTOR 

D.ATA  ASSOCIATED  WITH  FIGURE  3.8. 3. 15  INDICATING  EFFECT 

OF  STRESS  RATIO 


MATERIAL:  STAINLESS  STEEL  PHIS-SMO 
CONDITION:  HIOOO 
ENVIRONMENT:  R  T.  ,  L.  H.  A. 


DELTA  K 

DA/DN  (10**-6 

IN.  /CYCLE  ) 

(KSI*IN**l/2) 

A 

B 

C 

R  =+0.  08 

r<=+0.  30 

R^  +0.  50 

A:  10.  78 

.  447 

DELTA 

K 

B:  10  25 

.  571 

MIN 

C:  6.81 

.  119 

D: 

7.  00 

.  132 

8.  00 

.  220 

9.  00 

.  345 

10.  00 

.  315 

13.  00 

1  52 

1.  29 

1.  33 

16.  00 

3.  49 

2.  52 

2.  60 

20.  00 

5.  82 

4.  70 

4.  70 

25.  00 

8  52 

8  11 

7  10 

30.  00 

12.  7 

13.  4 

A:  34.  32 

19  9 

DELTA 

K 

B:  34.71 

18.  7 

MAX 

C;  29.25 

8  31 

ROOT  MEAN  SQUARE 

10  57 

17.  34 

PERCENT  ERROR 

PREDICTION  0.  5-0.  8 
RATIO  0.0-1  25 

SUMMARY  1.25-2.0 
(NP/NA)  >2.0 


3.8-46 


CONDITION/HT:  H10B0 
FORM:  4. ea-TH  FORGED  BAR 

SPECIMEN  TYPE:  CT 
ORIENTATION:  L-T 
FREQUENCY:  6.  0  HZ 

ENVIRONMENT:  R.  T.  .  L.  H.  A. 


AK  (MPA  y/m) 


STRESS  RATIO  =  -t-B.  B8 


4  10  40  100 


STRESS  RATIO  =  50 


YIELD  STRENGTH:  201.  0  KSI 
ULT.  STRENGTH:  212.0  KSI 
SPECIMEN  THK:  0.  990-  0.  998' 

SPECIMEN  WIDTH:  8.000" 
REFERENCES:85837.  88579 


AK  (MPA  y/m) 


STRESS  RATIO  =  ■«-0,  30 


4  10  40 


4  10  40  100 

AK  (KSI  v^) 

Figure  3.8.3.15 


3.8-47 


4  10  40 

AK  (KSI  -s/iri) 


STAIN. 

STEEL 


PH13-8M 


10"  I 

10'^  1 
*0 


10'^  ^ 


10'^  1 
•D 


YIELD  STRENGTH:  198.  0  KSI 
ULT.  STRENGTH:  206.0  KSI 
SPECIMEN  THK:  0.991" 
SPECIMEN  WIDTH:  6.000" 
REFERENCES;e5837 


STAIN. 

STEEL 


PH13-8M 


lAPLI  3.8.3.17 


FAIIGUE  CRACK  OROWTH  RATES  AT  DEFINED  LEVELS 
OF  STRESS  INTENSITY  FACTOR 

DfVlA  ASSOCIATED  WITH  F IGURE  3.3.  3- 17  INDICATING  EFFECT 

or  STRESS  RATIO 


MATERIAL:  STAINLESS  STEEL  PHIS-SMO 

CONDITION:  HIOOO 

ENVIRONMENT:  R  T  .  L.  H  A 

DEl.TA  K 

DA/DN  (10**-6 

IN. /CYCLE) 

(KSI*IN**i/2) 

A 

B 

C 

D 

Rj+0.  00 

Rs+O.  30 

R-+0.  50 

A;  8.  33 

.  155 

DELTA  KB:  9.  50 

.  514 

MIN  C:  9.  52 

.  593 

D: 

9.  00 

.  194 

10.  00 

.  290 

624 

.  792 

13.  00 

.  931 

1.  49 

2.  02 

16.  00 

1.  92 

2  61 

3.  20 

20.  00 

3.  40 

4.  39 

5.  09 

25.  00 

D.  43 

7.  05 

7.  90 

30.  00 

7.  97 

10.  3 

11.  7 

35.  00 

12.  1 

14  4 

19.  4 

40.  00 

19.  4 

19.  7 

38.  0 

A:  42.  46 

15.  5 

DELTA  K  B;  42.47 

22.  8 

MAX  C;  41.04 

44.  6 

D: 

ROOT  MEAN  SQUARE 

12.  32 

5.  40 

7.  95 

PERCENT  ERROR 

LIFE 

PREDICTION 

RATIO 

SUMMARY 

(NP/NA) 


0.  0-0 
O.  5-0 
0.  8-1 
1.  25-2 


3.8-50 


CONDITION/HT:  H1BB0 
FORM;  1.50"TH  FWJLLED  BAR 
SPECIMEN  TYPE:  CT 
ORIENTATION:  L-T 
FREQUENCY:  6. 0  HZ 

ENVIRONMENT  R.  T.  ,  L.  H.  A. 


AK  (MPA  \/m) 


STRESS  RATIO  =  -^0.  06 


4  10  40  100 


STRESS  RATIO  =  ♦g,  50 


YIELD  STRENGTH:208.  0  KSI 
ULT  STRENGTH:  216.  0  KSI 
SPECIMEN  THK:  0.251-  0.990" 

SPECIMEN  WIDTH:  7.  390-  7.  400* 

REFERENCES88576.  65637 


AK  (MPA  v/m) 


STRESS  RATIO  =  ♦C.  30 


4  10  40  100 


4  10  40  100 

AK  (KSI  v/m) 

Figure  3.8.3.17 


3.8-51 


4  10  40 

AK  (KSI  V^) 


STAIN. 

STEEL 


da/dN  (mm/cycle)  da/dN  (mm/cycle) 


Tr.Mf-  3.8.3.18 

FATIGUE  CRACK  GROWTH  RATES  AT  DEriWLD  LEVELS 
or  STRESS  INTENSITY  FACTOR 

DATA  ASSOCIATED  WITH  FIGURE  3.3.3.18  INDICATING  EFFECT 


OF  ENVIRONMENT 


MATERIAL;  STAINLESS  STEEL  PH13-8M0 

CONDITION:  HIOOO 

DELTA  K 

DA/DN  (10**-6 

IN.  /CYCLE) 

(KSI*IN**l/2> 

A 

D 

c 

D 

E=  R.  T. 

E«-  65  F 

£■=  R.  T. 

L.  H.  A.  -1.  OHL 

L.  H.  A.  -6  OHZ 

S.  C.  S.  -1.  OHZ 

A:  8.  72 

.  151 

DELTA  KB.  15.07 

.  404 

MIN  C:  12.88 

.  517 

D; 

9.  00 

.  177 

10.  00 

.  290 

13.  00 

.  863 

.  544 

16.  00 

1.  80 

.  594 

1.  68 

20.  00 

3.  57 

1.  67 

5.  24 

25.  00 

6.  47 

3.  68 

13.  6 

30.  00 

10.  0 

24.  5 

35.  00 

14.  1 

35.  8 

40.  00 

45.  9 

50.  00 

60.  7 

A:  36.  40 

15.  3 

DELTA  KB:  29.  64 

7.  95 

MAX  C:  56.24 

66.  5 

D: 

ROOT  MEAN  SQUARE 

16.  46 

12.  41 

14.  12 

PERCENT  ERROR 

LIFE  O.  0-0  D 

PREDICTION  0.  5-0  8 

RATIO  0.8-1  2b  1  1  1 

SUMMARY  1.  25-2.  0 

(NP/NA)  >2  O 


3.8-52 


CONDITION/HT:  HI  000 

FORM:  1.  50 ••TH  ROLLED  BAR 

SPECIMEN  TYPE:  CT 

ORIENTATION  L-T 

STRESS  RATIO.  ^0.  08 

FREQUENCY: 


AK  (MPA  v/m) 

4  10  40  100 


ENVIRONMENT: 

L.  H.  A.  -1.  0HZ 


R.  t.  . 


4  10  40  100 

-p  rpTiTn - r-i  j  '  [T|'|  - 

ENVIRONMENT:  R.  T.  . 

S.  C.  &  -1.  0HZ 


4  10  40  100 

AK  (KSI  N/m) 


YIELD  STRENGTH:  208.  0  KSI 
ULT  STRENGTH:  216.0  KSI 
SPECIMEN  THK  0.800-  0.093" 

SPECIMEN  WIDTH,  7.  400" 
REFERENCES:e5837.  88570 


AK  (MPA  y/m) 
4  10  4 


10  ° 

(D 

10* 

io' 

10'^ 

10‘ 

10'^ 

10*' 

10 

IO"" 

10*' 

10-^ 

10* 

10'® 

10* 

10° 

® 

10' 

10' 

10'^ 

10' 

10'^ 

io' 

10'^ 

10* 

10® 

10*' 

10* 

10® 

10* 

•NVIRONMENT  -  j 
L.  H.  A.  -6;  0HZ 


4  10 

T"''  f  I'TI  ~ 

ENVIRONMENT: 


4  10  < 

AK  (KSI  V'^) 


Figure  3.8,3.18 

3.8-53 


STAIN. 

STEEL 


PH13-8M 


‘‘A 


1  3.8.3.19 

FATIGUE  CRACK  GROWTH  RATES  AT  DEFINED  LEVELS 
OF  STRESS  INTENSITY  FACTOR 

DATA  ASSOCIATED  WITH  FIGURE  3. 8 . 3. 19  INDICATING  EFFECT 

OF  STRESS  RATIO 


MATERIAL:  STAINLESS 
CONDITION;  HIOOO 
ENVIRONMENT:  R  T.  , 

5  STEEL  PH13-8M0 

S.  T.  W. 

DELTA  K 

DA/DN  (l0**-6 

IN.  /CYCLE) 

<KSI*IN**l/2) 

A 

B 

C 

D 

R*=+0.  08 

R=+0.  30 

A:  11.05 

.  260 

DELTA  KB:  8.  60 

.  276 

MIN  C: 

D: 

9.  00 

.  372 

10.  00 

.  640 

13.  00 

1.  07 

2.  10 

16.  00 

2.  32 

6.  04 

20.  00 

4.  15 

12.  2 

25.  00 

13.  7 

25.  5 

30.  00 

41.7 

70.  5 

35.  00 

63.  4 

183. 

A:  38.  49 

65.  6 

DELTA  KB:  36.  46 

225. 

MAX  C: 

D; 

ROOT  MEAN  SOU ARE 

24.  63 

15.  20 

PERCENT  ERROR 

LIFE 

0.  0-0 

5 

PREDICTION 

0.  5-0 

B 

RATIO 

0.  8-1 

25 

SUMMARY 

1.  25-2 

0 

<NP/NA) 

>2. 

0 

3.8-56 


CONDITION/HT;  H1000 
FORM:  1.50"TH  ROLLED  BAR 

SPECIMEN  TYPE:  CT 
ORIENTATION:  L-T 
FREQUENCY:  1.0  HZ 

ENVIRONMENT:  R.  T. .  S.  T.  W. 


YIELD  STRENGTH:  208.  0  KSl 
ULT.  STRENGTH:  218.0  KSI 
SPECIMEN  THK:  0.990-  1.002" 

SPECIMEN  WIDTH:  7.390-  7.  400" 

REFERENCES:85837.  88579 


STAIN. 

STEEL 


PH13-0M 


■*  *. 

I  “ .  • 

i 


h 

Itr! 

!•  ' 


T.-.uuL  3.8.3.20 

FAtlGUE  CRACK  OROWTH  RATES  AT  DEFINED  LEVELS 
or  STRESS  INTENSITY  FACTOR 

DATA  ASSOCIATED  WITH  FIGURE  3 . 8. 3. 20  I NDI CAT  I NG  EFFECT 

OF  FREQUENCY 


MATERIAL: 

STAINLESS  STEEL  PH13-8M0 

CONDITION 

HI  000 

ENVIRONMENT;  R. T. 

G.  T.  W. 

DELTA  K 

DA/DN  (10*»-6  IN.  /CYCLE) 

(KEI*IN*-w-l/2) 

A  B  C  D 

F(H2)=  0.  1 

A 

14.  76 

2.  15 

DELTA  K  B 

MIN  C 

D 

16.  00 

2,  95 

20.  00 

6.  44 

25.  00 

12.  9 

30.  00 

22.  1 

A 

31.  99 

26.  7 

DELTA  K  B 

MAX  C 

D 

ROOT  MEAN 

SQUARE 

3  35 

PERCENT  ERROR 

LIFE 
PREDICTION 


RATIO 

SUMMARY 

(NP/NA) 

« -  • 

m 

t-s- 

h 

O.  0-0  b 
0.  5-0.  8 
0.  8-1  25 
1.  25-2  0 
>2.  0 


3.8-56 


-  *  -  *  • 


CONDITION/HT:  HI  000 
FORM:  1.50'*TH  ROLLED  BAR 

SPECIMEN  TYPE:  CT 
ORIENTATION:  l-T 
STRESS  RATIO:  *0.  08 
...ENVIRONMENT:  R.  T.  .  S.  T.  W. 


YIELD  STRENGTH:  208.  0  KSI 
ULT.  STRENGTH:  216.0  KSI 
SPECIMEN  THK:  0.990" 
SPECIMEN  WIDTH:  7.  400" 
REFERENCES:88579,  85837 


stain. 

STEEL 


PH13-8M 


AK  (MPA  y/m) 

4  10  40  100 

T  ^  m'ln — I  MM 'iM 

FREQUENCY  (Hi)  =  0.  1 


o  10‘ 


2  5 

5  10 

■o 


4  10  40  100 

"I  ■'  n~rnii — i . '  i ' fni 

FREQUENCY  (Hi)  = 


Sl0‘ 


2  .5 

I 

■o 


4  10  40  100 

oK  (KSI 


10° 

<D 

10  ‘ 

10  ' 

10' 

10'^ 

10‘ 

10'^ 

10' 

lo" 

10* 

10^ 

10 

10° 

10* 

10° 

® 

10 

10'’ 

10 

1  4  10 

ET'fT'nTn  T" 

“  FREQUENCY  (Hz)  = 


4  10  < 

AK  (KSI  y/Tri) 


Figure  3.8.3.20 
3.8-57 


2 
,  -o 

10  « 
XJ 


PAu^l.  3.8.3.21 


FA  I  I  CUE  CRACK  (.'ROWTH  RATES  AT  DEFINED  LEVELS 
OF  STRESS  INTENSITY  FACTOR 


DATA  ASSOCIATED  WITH  FIGURE  3.8. 3.21  INDICATING  EFFECT 


OF  ENVIRONMENT 


MATERIAL:  STAINLESS  STEEL  PH13-8M0 
CONDITION:  HIOOO 


DELTA  K 
<KSI*INk*1/2) 


DA/DN  IN.  /CYCLE) 


DELTA  K  B 
MIN  C 
D 


DELTA  K  B 
MAX  C 


E=  F 

.  T. 

E=- 

65  F 

E=  R.  T. 

L.  H.  A.  -6 

.  OHZ 

L.  H.  A.  - 

•6.  OHZ 

S.  T.  W.  -1. 

10.  66 

138 

11.  98 

360 

7.  82 

.  101 

8.  00 

.  106 

9.  00 

.  162 

10.  00 

.  286 

13.  00 

658 

, 

622 

1.  47 

16.  00 

1. 

88 

1 

52 

3.  35 

20.  00 

4. 

01 

3. 

15 

6,  43 

25.  00 

6 

78 

5. 

47 

17.  3 

30.  00 

9. 

74 

6. 

16 

27.  6 

35.  00 

13. 

5 

62.  8 

40.  00 

18. 

8 

42.  91 

23. 

2 

30.  75 

9. 

87 

36.  71 

102. 

ROOT  MEAN  SQUARE 

3  59 

10  72 

PERCENT  ERROR 

LIFE 

0.  0-0.  0 

PREDICTION 

0.  5-0  8 

RATIO 

0  8-1.  25 

1 

SUMMARY 

1.  25-2.  0 

3 

<NP/NA) 

>2.  0 

3.8-58 

CONDITION/HT:  HI  000 
FORM:  1,  50 "TH  ROLLED  BAR 

SPECIMEN  TYPE;  CT 
ORIENTATION  T-L 
STRESS  RATIO:  <^0.  08 
FREQUENCY: 


YIELD  STRENGTH:  210.  0-  215.0  KSI 
ULT.  STRENGTH;  210.  0  KSI 
SPECIMEN  THK:  0.089-  0.003" 

SPECIMEN  WIDTH:  7,  400" 
REFERENCES:88570.  85837 


STAIN. 

STEEL 


PH13-8M 


PROnw  )  lEFI  Ef’FC  YIELD  - SPECIMEM - rPACK  STAN  TEST 

CWDITION  lOPM  IltirK  TEt^T  OP  RTP  ENVIRONHENT  WIDTH  THICK  DESIGN  LENCIHKIO)  »!ISCC>  HEAN  DEV  TIME  DATE  REFER 
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Table  3.11 


TA'^_i  3.11.3.1 


rATltUE  CRACK  GROWTH  RATES  AT  DEFINED  LEVELS 
OF  STRESS  INTENSITY  FACTOR 

DATA  ASSOCIATED  WITH  FIGURE  3. 11 . 3. 1  INDICATING  EFFECT 


OF  ENVIRONMENT 


MATERIAL: 

STAINLESS  STEEL  15-5PH 

CONDITION: 

HI  025 

DELTA  K 

DA/DN  (10**-6  IN. /CYCLE) 

(KSI*IN#*l/2) 

A  B  C  D 

E=  R.  T.  £=  R.  T. 

LAD  AIR- 10  0H2  3.  5V.NACL-1.  OHZ 

A 

30.  17 

8.  27 

DELTA  K  B 

17.  18 

5.  06 

MIN  C 

D 

20.  00 

9.  97 

25.  00 

15.  7 

30.  00 

20.  3 

35.  00 

15.  0 

40.  00 

18.  0 

50.  00 

22  0 

60.  00 

29.  7 

70.  00 

41.  2 

80  00 

56.  1 

90.  00 

74.  1 

100. 00 

94.  2 

A 

124. 79 

146. 

DELTA  K  D 

30.  88 

21  5 

MAX  C 

D 

ROOT  MEAN 

SQUARE 

8.  12  19.  17 

PERCENT  ERROR 

LIFE 

PREDICTION 

RATIO 

SUMMARY 

(NP/NA) 


0.  0-0  0 
0.  5-0  8 
0  B-1  25 
1  25-2,  0 
>2.  0 


1 


3.11-6 


m 

CONDITION/HT:  H1025 

YIELD  STRENGTH:  150.  7  KSI 

STAIN. 

FORM  1.  50*'TH  BAR 

STEEL 

SPECIMEN  TYPE:  CT 

ULT  STRENGTH:  156.  2  KSI 

'V’i 

ORIENTATION  L-T 

SPECIMEN  THK:  1.  500" 

STRESS  RATIO:  -^0.  50 

SPECIMEN  WIDTH:  3.  000" 

15-SPH 

•  •  • 

.  «  w  « 

FREQUENCY: 

REFERENCES:g2270 

TA”!.*:  3.11.3.2 

FATIGUE  CRACK  GROWTH  RATES  AT  DEFINED  LEVELS 
OF  STRESS  INTENSITY  FACTOR 

DATA  ASSOCIATED  WITH  FIGURE  3.11.3.2  INDICATING  EFFECT 


OF  ENVIRONMENT 


MATERIAL; 

CONDITION; 


DELTA  K 
MIN 


DELTA  K  B 
MAX  C 
D 


IT  A  INLESS  STEEL  15- 
H1025 

K 

H/2> 

A 

E=  R.  T 
LAB  AIR 

28.  88 

1.  SO 

30.  00 

1.  73 

33.  00 

3.  08 

40.  00 

5.  37 

30.  00 

IS.  3 

60.  00 

31.  1 

70.  00 

48.  6 

80.  00 

70.  0 

'90.  00 

102. 

100.  00 

155. 

107.  17 

219. 

DA/DN  IN.  /CYCLE) 

B  C 


ROOT  MEAN  SQUARE  42.  67 

PERCENT  ERROR 


LIFE  0.  0-0.  5 

PREDICTION  0.  5-0.  8 

RATIO  0.8-1.25  2 

SUMMARY  1.25-2.0 
(NP/NA)  >2.  0 


3.11-8 


£»  CONDITION/HT:  HI  025 

U  FORM:  1.  50’'TH  BAR 

T-  SPECIMEN  TYPE:  CT 

f':  ORIENTATION  T-L 

'■s  STRESS  RATIO:  05 

FREOUENCY:  10.  00  HZ 


YIELD  STRENGTH:  151.  2  KSI 
ULT.  STRENGTH:  156.1  KSI 
SPECIMEN  THK:  1.500*' 
SPECIMEN  WIDTH:  3.  000" 
REFERENCES:92270 


L.  3.11.3.3 


FATIGUE  CRACK  GROWTH  RATES  AT  DEFINED  LEVELS 
OF  STRESS  INTENSITY  FACTOR 

DATA  ASSOCIATED  WITH  FIGURE  3. 11. 3.  3  INDICATING  EFFECT 


or  STRESS  RATIO 


MATERIAL; 

STAINLESS  STEEL  15-5PH 

CONDITION 

HI  025 

ENVIRONMENT:  R.  T. 

3.  5*/.  NACL 

DELTA  K 

OA/ON  (10**-6  IN.  /CYCLE) 

{KSI*IN*#l/2) 

A  B  C  D 

R»+0.  05  R-+0.  50 

A 

33.  23 

17.  9 

DELTA  K  B 

24.  76 

13.  2 

MIN  C 

D 

25.  00 

13.  4 

30.  00 

IS.  6 

35.  00 

19.9  26.7, 

40.  00 

25.  6  36.  7 

50.  00 

39.  4 

60.  00 

60.  4 

A 

63.  17 

69.  7 

DELTA  K  B 

43.  53 

44.  1 

MAX  C 

D 

ROOT  MEAN 

SQUARE 

2.  30  4.  38 

PERCENT  ERROR 

LIFE  0,  0-0,  5 
PREDICTION  O.  5-0.  8 

RATIO  0.8-1.25  1  1 

SUMMARY  1.25-2.0 
<NP/NA)  >2.  0 


3,11-10 


CONDITION/HT:  HI  025 
FORM:  1.50*'TH  BAR 

SPECIMEN  TYPE:  CT 
ORIENTATION:  T-L 
FREQUENCY:  1.00  HZ 

ENVIRONMENT:  R.  T.  .  3.  5X  NACL 


YIELD  STRENGTH:  151.  2  KSI 
ULT.  STRENGTH:  156.1  KSI 
SPECIMEN  THK:  1.500" 
SPECIMEN  WIDTH:  3.  000" 
REFERENCES:O2270 
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AK  (MPA  y/m) 

4  10  40  100 

I  '  I  'T'-n — I  n  '  Pi'i  ■ 

STRESS  RATIO  =  ■►O.  05 


— 

- 

~  I  -1  1  .ill. 
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©  E 


4  10  40  100 


10 


-2 


>-3 


10 


S,o* 


Z  .5 
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10 
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”  STRESS  RATIO  =  "E 
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- 

— 

- 

— 

- 

— 

"  1  ■  1  .  I.l. 

111.  lil» 

— 

4  10  40  100 

AK  (KSI  VTn) 


10° 

Vg;  : 

-2 

10  : 

10  ' 

O. 

U> 

Hill 

10^ 

,0*; 

1C"* 

O, 

II  1  f 

10" 

10* 

10^ 

10'^ 

10® 

10® 

A 

10° 

10^ 

10' 

10° 

10  ^ 

10'^ 

10'^ 

10* 

10" 

10* 

10® 

10^ 

10® 

i0* 

AK  (MPA  v^) 

4  10  40  100 

~r  'TM'Fi — I  '  I  'I'm — =fi 

STRESS  RATIO  =  -^0.  S0 


7-1. 1 . lijjit 

. . J  .„i,.Ja.kk 

10 
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40  100 
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“  STRESS  RATIO  *  "E 
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— 

Figure  3.11.3.3 


4  10  40  100 

AK  (KSI  >/Tn) 


3.11-11 


I 


TrVJX.  3.11.3.4 


patigue  crack  growth  rates  at  defined  levels 
OF  stress  intensity  factor 


DATA  ASSOCIATED  WITH  FIGURE  3. 11. 3.4  INDICATING  EFFECT 


OF  STRESS  RATIO 


MATERIAL:  STAINLESS  STEEL  15-5PH 

CONDITION:  TUS= 1 50-165KSI 

ENVIRONMENT:  R.  T.  .  H.  H.  A. 

DELIA  K 

DA/DN  (10**-6 

IN. /CYCLE) 

(KSI*IN**l/2) 

A 

B 

C 

D 

R— 1.  00 

R=^-0.  20 

R-+0.  04 

Rsr-tO.  40 

A.  12.  00 

.  706 

DELTA  KB:  14.  00 

.  915 

MIN  C:  13.44 

.  738 

D;  9.  60 

.  629 

10.  00 

.  739 

13.  00 

.  985 

1.  76 

16.  00 

2.  07 

1.  52 

1.  45 

3.  05 

20.  00 

3.  93 

3.  05 

2.  92 

5.  18 

25.  00 

6.  82 

5.  43 

5.  22 

8.  94 

30.  00 

10.  5 

8.  38 

8.  09 

14.  9 

35.  00 

15.  5 

12.  2 

11.8 

24.  9 

40.  00 

22.  3 

17.  2 

16.  8 

42.  2 

50.  00 

45.  6 

33.  6 

33.  6 

60.  00 

94.  6 

66.  2 

67.  8 

70.  00 

133. 

140. 

A:  70.  00 

200. 

DELTA  KB:  80.  00 

272. 

MAX  C:  76.80 

231. 

D:  48.  00 

101. 

ROOT  MEAN  SQUARE 

1. 30 

.  62 

2.  28 

2.  82 

PERCENT  ERROR 

LIFE 

PREDICTION 

RATIO 

SUMMARY 

(NP/NA) 


0.  0-0.  5 
0.  5-0.  8 
0.  8-1.  25 
1.  25-2.  0 

>2.  0 


3.11-12 


CONDITION/HT:  TUS-150-ie5KSI 
FORM:  0,  50"TH  BILLET 

SPECIMEN  TYPE:  CCP 
ORIENTATION:  T-L 
FREQUENCY: 

■V  ENVIRONMENT:  R.  T.  ,  H.  H.  A. 


YIELD  STRENGTH: 
ULT.  STRENGTH: 
SPECIMEN  THK: 
SPECIMEN  WIDTH: 
REFERENCESSW005 


AK  (MPA  v/m)  V^) 

4  10  40  100  4  10  40  100 


3.11-13 


.Ij 

.1 


TAiiLL  3.11.3.5  j 

FATIGUE  CRACK  GROWTH  RATES  AT  DEFINED  LEVELS  J 

or  STRESS  INTENSITY  FACTOR  J 

I 

DATA  ASSOCIATED  WITH  FIGURE  3.11.  3.5  INDICATING  EFFECT  .] 

Or  STRESS  RATIO 


il  MATERIAL:  STAINLESS  STEEL  15-5PH 
I  CONDITION:  TUS-1 50- 16SKSI 
•;  ENVIRONMENT:  R.  T.  .  H.  H.  A. 


CONOITION/HT:  TUS-150- 165KSI 
FORM:  0.  50"TH  BILLET 

SPECIMEN  TYPE:  CCP 
ORIENTATION:  S-L 
FREQUENCY: 

ENVIRONMENT:  R.  T.  .  H.  H.  A. 


AK  (MPA  %/ni) 

4  10  40  100 


STRESS  RATIO  =  -1.00 


4  10  40  100 

I  '  I  '  I'l'I - 1  '  MIM'I 

STRESS  RATIO  =  ♦0.  04 


4  10  40  100 

AK  (KSI  v/Tn) 


YIELD  STRENGTH: 
ULT.  STRENGTH: 
SPECIMEN  THK: 
SPECIMEN  WIDTH: 
REFERENCES:BW004 


STAIN. 

STEEL 


15-5PH 


AK  (MPA  v/m) 

4  10  40 


10° 

(D 

10  ’ 

10' 

10  ^ 

10 

10  ^ 

10" 

10^ 

10 

10'® 

10* 

10° 

10'' 

10* 

10° 

Vi5/ 

10' 

10’ 

10' 

10'^ 

10' 

.3 

10 

10"' 

10“ 

10* 

10* 

10’ 

10® 

10* 

Figure  3.11.3.5 

3.11-15 


4  10  40 

AK  KSI  V^n) 


da/dN  (mm/cycle)  da/dN  (mm/cycle) 


^>i 

m 


!•* 


TABLe:  3.14.3.1 

.N  ‘ 

FATISUE  CRACK  GROWTH  RATES  AT  DEFINED  LEVELS 
OF  STRESS  INTENSITY  FACTOR 

DATA  ASSOCIATED  WITH  FIGURE  3 . 14 . 3 . 1  INDICATING  EFFECT 


OF  STRESS  RATIO 


MATERIAL: 

STAINLESS  STEEL  17-4PH- 

CONDITION: 

H900 

ENVIRONMENT:  R  T 

.LAB  AIK 

DELTA  K 

DA/DN  (10**-6  IN.  /CYCLE) 

<KSI»lN**l/2) 

A  B  C  D 

R=+0.  08 

A 

7.  54 

126 

DELTA  K  B 

MIN  C 

D 

8  00 

190 

9,  00 

217 

10.  00 

.  309 

13.  00 

.  749 

16.  00 

1  94 

20.  00 

3.  38 

29.  00 

7.  29 

30.  00 

13.  1 

39.  00 

20.  9 

40.  00 

30.  9 

90.  00 

93.  1 

A 

96.  40 

68.  4 

DELTA  K  B 

MAX  C 

D 

ROOT  MEAN 

SQUARE 

22.  74 

PERCENT 

ERROR 

LIFE  0.  0-0  5 

PREDICTION  0  5-0  8 
RATIO  0.8-1.25 
SUMMARY  1.25-2  0 
(NP/NA)  >20 


1 


3.14-4 


table  3.14.3.2 


FATIGUE  CRACK  GROWTH  RATES  AT  DEFINED  LEVELS 
OF  STRESS  INTENSITY  FACTOI? 

DATA  ASSOCIATED  WITH  FIGURE  3. 14. 3. 2  INDICAT  IMG  EFFECT 

OF  ENVIRONMENT 


MATERIAL;  STAINLESS  STEEL  17-4HH 
CONDITION;  H1025 


DEl.TA  K 
(KSI*IN**l/2) 


DA/DN  (10**-6  IN.  /CYCLE) 
B  C 


DELTA  K  B 
MIN  C 
0 


8.  33 


E=  R.  T. 
M.  H,  A. 

.  214 


9.  00 

.  245 

10.  00 

.  330 

13.  00 

.  945 

16.  00 

2.  IS 

20.  00 

3.  51 

A:  20.  04 

3.  51 

DELTA  K  B; 

MAX  C; 

D; 

ROOT  MEAN  SQUARE 

17.  98 

PERCENT  ERROR 


LIFE 

0.  0-0.  5 

I*. 

PREDICTION 

0.  5-0.  8 

RATIO 

0.  8-1. 25 

SUMMARY 

1.  25-2.  0 

(NP/NA) 

>2.  0 

3.14-6 


CONDITION/HT; 
FORM:  0.  13*' 

SPECIMEN  TYPE: 

H1025 

TH  CASTING 

CCP 

YIELD  STRENGTH: 

ULT.  STRENGTH: 

STAIN. 

STEEL 

ORIENTATION 

SPECIMEN  THK:  0.103-  0.113" 

STRESS  RATIO: 
FREOUENCY: 

■•-0.02 

1. 0  HZ 

SPECIMEN  WIDTH:  2.815-  2.955" 

REFERENCES:GD010 

17-4PH 

TABLE  3.1A.3.3 


FATIGUE  CRACK  GROWTH  RATES  AT  DEFINED  LEVELS 
OF  STRESS  INTENSITY  FACTOR 

DATA  ASSOCIATED  WITH  FIGURE  3. 14. 3. 3  INDICATING  EFFECT 

OF  STRESS  RATIO 


MATERIAL: 

STAINLES! 

3  STEEL  17-4PH 

CONDITION 

H1025 

ENVIRONMENT:  R.  T.  . 

LAB  AIR 

DELTA  K 

DA/ON  (10«*-6  IN,  /CYCLE) 

(KSI^*-IN»<»l/2) 

A  B  C  D 

R=-*0.  10  R®+0.  30 

A 

20.  54 

1.  48 

DELTA  K  B 

n.  39 

.  703 

MIN  C 

D 

13.  00 

1.  33 

16.  00 

2.  76 

20.  00 

3.  77 

25.  00 

3.  15  16.  5 

30.  00 

5.  61 

35.  00 

9.  33 

40.  00 

15.  9 

A 

49.  82 

54.  3 

DELTA  K  B 

28.  37 

39.  5 

MAX  C 

D 

ROOT  MEAN 

SQUARE 

8.  26  7.  53 

PERCENT 

ERROR 

LIFE 

PREDICTION 

RATIO 

SUMMARY 

<NP/NA) 


l).  0-0.  D 
0.  5-0  8 
O.  8-1,  25 
1.  25-2  0 
>2.  0 


3.14-8 


CONDITION/HT:  HI  025 
FORM:  3.  0"TH  ROUND  BAR 

SPECIMEN  TYPE:  CT 
ORIENTATION:  T-L 
FREQUENCY:  10.  0  H2 

S.  ENVIRONMENT:  R.  T.  .  LAB  AIR 


AK  (MPA  -s/m) 

4  10  40  100 


STRESS  RATIO  =  +0.  10 


4  10  40  100 


YIELD  STRENGTH:  175.  3  KSI 
ULT  STRENGTH:  179.8  KSI 
SPECIMEN  THK:  0.  50" 

SPECIMEN  WIDTH:  1.90-  2.00’ 

REFERENCES:DA001 


AK  (MPA  v/m) 
4  10  4 


4  10 


4  10  40  100 

AK  (KSI  V^) 

Figure  3,14.3.3 


4  10 

AK  (KSI  n/Tti) 


3.14-9 


stain. 

STEEL 


17-4PH 


TAbLE  3.1A.3.4 


FATIGUE  CRACK  GROWTH  RATES  AT  DEFINED  LEVELS 
OF  STRESS  INTENSITY  FACTOR 


DATA  ASSOCIATED  WITH  FIGURE  3. 14. 3.  A  INDICATING  EFFECT 


OF  STRESS  RATIO 


MATERIAL:  STAINLESS  STEEL  17-4 PH 

CONDITION:  H1025 

ENVIRONMENT:  R.  T.  ,  LAB  AIR 

DELTA  K 

DA/DN  (l0**-6  IN.  /CYCLE) 

(KSI*IN**l/2) 

A 

B  c: 

D 

R«+0. 10 

R=^-0.  50 

A:  7  48 

.0111 

DELTA  KB:  4.00 

.  00984 

MIN  C: 

D: 

5.  00 

.  0357 

6.  00 

.  0802 

7.  00 

.  143 

a.  00 

.  0175 

.  229 

9.  00 

.  0344 

.  347 

10.  00 

.  0607 

.  512 

13.  00 

.  208 

16.  00 

.  899 

20.  00 

2.  00 

25.  00 

3.  66 

30.  00 

7.  22 

35.  00 

13.  7 

A:  38.  39 

19.  6 

DELTA  K  C:  12.  62 

1.  41 

MAX  C; 

D: 

ROOT  MEAN  SQUARE 

11.  17 

6.  89 

PERCENT  ERROR 

LIFE 

PREDICTION 

RATIO 

SUMMARY 

<NP/NA) 


0.  0-0.  5 
O.  S-0.  8 
0.  8-1.  25 
1.  25-2.  0 
;'  2.  0 


1 


3.14-10 


CONOITION/HT:  HI  025 
FORM:  3.  0"TH  ROUND  BAR 

SPECIMEN  TYPE:  CT 
ORIENTATION:  T-L 
FREQUENCY:  30.  0  HZ 

ENVIRONMENT:  R.  T.  .  LAB  AIR 


AK  (MPA  >/m) 

4  10  40  100 

I  '  I '  I'i'i — 

STRESS  RATIO  =  ♦0.10 


4  10  40  100 

T'^  r’  I'm — r"f  i  'nn 

STRESS  RATIO  = 


4  10  40  100 

AK  (KSI  -s/m) 


YIELD  STRENGTH:  175.  3  KSI 
ULT.  STRENGTH:  179.8  KSI 
SPECIMEN  THK:  0.  25" 
SPECIMEN  WIDTH:  1.99- 
REFERENCES:DA001 
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10' 

10'^ 

10’ 

10-® 

10 

10'® 

10* 

gure 

3,14.3. 

3.14-11 

AK  (MPA  -x/m) 

4  10  40  100 

■T'’  PT'T'I — r  ■'  I  '  I 

STRESS  RATIO  =  -»-0.  50 


1  4  10  40 

E  I  I  'I'I'I - T'H'f 

“  STRESS  RATIO  = 


4  10  40 

AK  (KSI 


STAIN. 

STEEL 


17-4PH 


CONDITION/HT:  TH105B 
FORM:  0.  50" TH  PLATE 

SPECIMEN  TYPE:  CT 
ORIENTATION:  L-T 
FREQUENCY:  20.  0  HZ 

ENVIRONMENT:  R.  T.  .LABAlR 


I  (f 


AK  (MPA  >/m) 

4  10  40  100 


STRESS  RATIO  =  4-0.  10 


10  40  100 

I  ri|T|r|,,''  I  TyriiTTy- 

STRESS  RATIO  = 


4  10  40  100 

AK  (KSI  v/7n) 


YIELD  STRENGTH:  104.  0  KSI 
ULT  STRENGTH:  208.  1  KSI 
SPECIMEN  THK:  0.  500" 
SPECIMEN  WIDTH:  1.  OSO" 
REFERENCES:DA001 


AK  (MPA  -v/m) 
4  10  4i 


10° 

10’ 

10' 

10'^ 

10' 

10'^ 

10  ‘ 

10’^ 

10' 

10'* 

io' 

10° 

10' 

10'* 

1  4  10  4 

■ '  n  MIT — 

r  STRESS  RATIO  = 


Figure  3.15.3.1 

3.15-5 


4  10 

AK  (KSI  v^) 


STAIN. 

STEEL 


17-7PH 


10'^  'i 


2 

•D 

10^  « 
'O 


10’^  ^ 


,0=1 


2 

•D 

lO  **  « 
■o 


*■.'  •■. 

V 

TABLE  3.15.3.2 

FATIGUE  CRACK  GROWTH  RATES  AT  DEFINED  LEVELS 

□F  STRESS  INTENSITY  FACTOR 

s 

DATA  ASSOCIATED  WITH  FIGURE  3.15.3.2  INDICATING  EFFECT 

OF  STRESS  RATIO 

p  i 

«  •. 

MATERIAL; 

STAINLESS  STEEL  17-7PH 

■ 

CONDITION 

TH1050 

% 

ENVIRONMENT;  R.  T. 

LAB  AIR 

DELTA  K 

DA/DN  (10**-6  IN. /CYCLE) 

sC 

(KSHHN**l/2) 

«  % 

A  B  C  D 

I 

R=+0.  10 

V 

/. 

V  • 

A 

3.  82 

.  00558 

DELTA  K  B 

MIN  C 

fi 

D 

v'*" 

4.  00 

.  00944 

*,v 

3.  00 

.  0264 

ft 

6.  00 

.  0447 

7.  00 

.  0841 

i 

8.  00 

.  153 

9.  00 

.  253 

10.  00 

.  388 

^s- 

13.  00 

1.  03 

>3 

16.  00 

2.  12 

P 

20.  00 

4.  44 

25.  00 

9.  34 

W 

30.  00 

17.  5 

35.  00 

30.  7 

• « 

40.  00 

51.  4 

v' 

A 

49.  65 

205. 

DELTA  K  B 

MAX  C 

'•*. 

D 

•  4  * 

v;: 

ROOT  MEAN 

SQUARE 

11.  14 

PERCENT  ERROR  , 

tri 

X  * 

LIFE 

0.  0-0. 

5 

PREDICTION  0.  5-0,  8  1 

■'•v 

RATIO 

0.8-1.25  3 

Sr’  SUMMARY 

1 .  25-2. 

D 

<NP/NA) 

;-2.  0 

3.15-6 


CONDITION/HT:  TH10S0 
FORM:  0.  50-TH  PLATE 

SPECIMEN  TYPE:  CT 
ORIENTATION:  T-L 
FREQUENCY:  20. 0  HZ 

ENVIRONMENT:  R.  T.  ,  LAB  AIR 


AK  (MPA  >/m) 

4  10  40  100 

I'l’i — I  '  I ' I'i'i 

STRESS  RATIO  =  ♦0.  10 


0  10  40  100 

I'M  I'I'I - 1 . -r  TiTrcTi' 

STRESS  RATIO  = 


4  10  40  100 

(KSI  >/Tn) 


YIELD  STRENGTH:  180.  3  KSI 
ULT.  STRENGTH:  203.  3  KSI 
SPECIMEN  THK:  O.  500" 
SPECIMEN  WIDTH:  1.  989" 
REFERENCES:OA001 


AK  (MPA  v/m) 
4  10  4 


10® 

(D 

10 

10  ’ 

10  ^ 

10 

10'^ 

Id' 

lO"* 

10 

10^ 

id‘ 

Id 

10® 

Id' 

10® 

® 

id' 

10' 

10'^ 

10' 

Id' 

10'^ 

Id" 

10'^ 

10* 

id* 

Id’ 

10* 

10* 

1  4  10 

=-I-T-f  I  |t|l| - T 

”  STRESS  RATIO  = 


Figure  3.15.3.2 


4  10  / 

AK  (KSI 


STAIN. 

STEEL 


17-7PH 


(431630  lUOin  XMWNOttl/M3  (il<i  UO  j;431  M  Xdl  MtlU  I  Mliiaidi:' 


FATIOUE  CRACK  CROWTH  RATE  AT  DEFINED  LEVEl^  OF  THE  STRESS-IMTENBITV  FACTOR 


TABLE  3.16.3.1 


FATIGUE  CRACK  GROWTH  "“ATES  AT  DEFINED  LEVELS 
OF  STRESS  INTtNSITY  FACTOR 

DATA  ASSOCIATED  WITH  FIGURE  3. 16. 3. 1  INDICATING  EFFECT 

OF  FREQUENCY 


MATERIAL:  STAINLESS  STEEL  304 
CONDITION:  ANNEALED 
ENVIRONMENT:  R.  T.  .  LAB  AIR 


DELTA  K 
(KSI*IN**l/2) 

A 

F(HZ)»  10.  0 

DA/DN  <10i 

B 

F(HZ)-  13 

A 

9.  98 

.  160 

DELTA  K  B 

9.  16 

.  112 

MIN  C 

D 

10.  00 

.  163 

.  133 

13.  00 

.  438 

.  360 

16.  00 

1.  37 

1.  01 

20.  00 

3.  07 

2.  83 

A 

23.  49 

6.  30 

DELTA  K  B 

21.  04 

3.  43 

MAX  C 

0 

ROOT  MEAN 

SQUARE 

13.  06 

26.  43 

PERCENT  ERROR 


D 


LIFE 

PREDICTION 

RATIO 

SUMMARY 

(NP/NA) 


0.  0-0.  5 
0.  5-0,  8 
0.  8-1.  23 
1.  25-2.  O 
>2.  0 


3 


3 

1 


CONDITION/HT:  ANNEALED 
FORM:  SHEET 
SPECIMEN  TYPE:  CCP 
ORIENTATION: 

STRESS  RATIO:  •►0.  03 
ENVIRONMENT:  R.  T.  .  LAB  AIR 


YIELD  STRENGTH: 

ULT.  STRENGTH: 

SPECIMEN  THK:  0.  018" 
SPECIMEN  WIDTH:  0.  985*- 
REFER£NCES:HD009 


1.  998* 


AK  (MPA  v^) 

4  10  40  100 

I  '  I '  I'i'i — r  T 

FREQUENCY  (Hz)  ^  10.0 


AK  (MPA  \/m) 
4  10  A 


4  10  40  100 

r"'  T'  I'I'I - r  '  I  'I'I'I 

FREQUENCY  (Hz)  = 


4  10  40  100 

AK  (KSI  -s/ln) 


10° 

(D 

10’ 

10' 

10'^ 

10 

10^ 

10  ‘ 

10'* 

10' 

10^ 

10 ' 

10* 

10 

10° 

lO' 

® 

10’ 

10' 

10^ 

10' 

10^ 

io' 

10'^ 

io' 

10* 

10* 

10* 

10" 

10* 

1  4  10 

=  I  '  I  'I'I'I - T 

”  FREQUENCY  (Hz) 


Figure  3.16.3.1 


4  10  ' 

AK  <KSI  >/m) 


3.16-5 


TABLE  3.16.3.2 


FATIGUE  CRACK  GROWTH  RATES  AT  DEFINED  LEVELS 
OF  STRESS  INTENSITY  FACTOR 

DATA  ASSOCIATED  WITH  FI  CURE  3. 16.  3. 2  INDICATING  EFFECT 


OF  FREQUENCY 


MATERIAL; 

STAINLESS  STEEL  304 

CONDITION 

ANNEALED 

ENVIRONMENT:  R.  T. 

LAB  AIR 

DELTA  K 

DA/DN  (10**-6 

IN.  /CYCLE) 

(KSI*IN**l/2) 

A 

B 

C 

0 

F(HZ)®  1.67 

F<HZ)=  6.00 

A 

14.  71 

.  772 

DELTA  K  B 

10.  85 

.  128 

MIN  C 

D 

13.  00 

.  312 

16.  00 

1.  19 

.  657 

20.  00 

2.  86 

2.  56 

25.  00 

4.  61 

30.  00 

10.  6 

A 

32.  52 

20.  3 

DELTA  K  B 

21.  51 

4.  77 

MAX  C 

D 

ROOT  MEAN 

SQUARE 

23.  51 

8.  28 

PERCENT  ERROR 

LIFE  0.  0-0  3 

prediction  0.  5-0  8  2 

RATIO  0.8-1  25  2  I 

SUMMARY  1.  25-2.  0 

(NP/NA)  >2  O 


(in/cycle)  da/dN  (in/cycle) 


da/dN  (mm/cycle)  da/dN  (mm/cycle) 


TABLE  3.16.3.3 


FATIGUE  CRACK  GROWTH  RATES  AT  DEFINED  LEVELS 
OF  stress  INTENSITY  FACTOR 

DATA  ASSOCIATED  WITH  FIGURE  3. 16. 3. 3  INDICATING  EFFECT 

OF  FREQUENCY 


MATERIAL:  STAINLESS 
CONDITION:  ANNEALEI 
ENVIRONMENT:  R.  T.  . 

3  STEEL  304 
) 

LAB  AIR 

DELTA  K 

DA/DN  (10**-6  IN.  /CYCLE) 

<KSI»IN**l/2> 

A 

B  C 

D 

F(HZ)»  0.03 

F(HZ)»  6.  67 

A:  32.  S3 

11.1 

DELTA  KB:  16.  SO 

834 

MIN  C: 

D: 

20.  00 

1.  92 

23.  00 

3.  OS 

30.  00 

4.  SO 

3S.  00 

14.  7 

8.  12 

40.  00 

24.  7 

IS.  3 

SO.  00 

56.  0 

28.  5 

60.  00 

101. 

4S.  7 

70.  00 

IS4. 

80.  00 

203. 

A:  82.  69 

217. 

DELTA  KB:  6S.  22 

78.  3 

MAX  C: 

D: 

ROOT  MEAN  SQUARE 

5.  23 

5,  67 

PERCENT  ERROR 


CONDITION/HT:  ANNEALED 
FORM:  0.  5B"TH  PLATE 

SPECIMEN  TYPE:  SENT 
ORIENTATION;  L-T 
STRESS  RATIO:  ♦B.  00 
ENVIRONMENT:  R.  T.  ,  LAB  AIR 


YIELD  STRENGTH:  39.  6  KSI 
ULT  STRENGTH:  77.  1  KSI 
SPECIMEN  THK;  0.  401  ” 

SPECIMEN  WIDTH:  4.010-  4.950 

REFERENCES:HO007 


Figure  3.16.3.3 


3.16-9 


TABLE  3. 16. 3. A 


FATIGUE  CRACK  GROWTH  RATES  AT  DEFINED  LEVELS 
OF  STRESS  INTENSITY  FACTOR 

DATA  ASSOCIATED  WITH  FIGURE  3.16.3.4  INDICATING  EFFECT 

OF  STRESS  RATIO 


MATERIAL.  STAINLESS  STEEL  304 
CONDITION:  ANNEALED 
ENVIRONMENT:  R.  T.  ,  LAB  AIR 


DELTA  K 
(KSI*IN**l/2) 

A 

DA/DN  (10**-6  IN.  /CYCLE) 

D  C 

R=+0.  05 

DELTA 

MIN 

A: 

K  B: 
C: 
D: 

200.  00 

DELTA 

A: 

K  B: 

ROOT  MEAN  SQUARE 
PERCENT  ERROR 


PREDICTION  0.  5-0.  8 
RATIO  0.3-1.25 

SUMMARY  1.25-2.0 
(NP/NA)  >2.  O 


3.16-10 


A 


CONDITION/HT:  ANNEALED 
FORM:  e.  50‘*TH  PLATE 

SPECIMEN  TYPE:  WOL 
ORIENTATION:  L-T 
FREQUENCY:  1.00  HZ 

ENVIRONMENT:  R.  T.  ,  LAB  AIR 


AK  (MPA  v/m) 

4  10  40  100 


o  10* 


4  10  40  100 

-r-T-pwi — I  T-irpn- 

STRESS  RATIO  = 


4  10  40  100 

AK  (KSI  v/Tn) 


YIELD  STRENGTH  30.  Q  KSI 
ULT  STRENGTH  77.  1  KSI 
SPECIMEN  THK:  0.404" 
SPECIMEN  WIDTH:  2.000" 
REFERENCES:HD007 


AK  (MPA  vm) 
4  10  4i 


4  10 

-T-ttttttt — 

STRESS  RATIO 


Figure  3.16.3.4 


4  10 

AK  (KSI  >/Tn) 


3.16-11 


STAIN. 

STEEL 


CONDITION:  ANNEALED 
ENVIRONMENT.  R.  T.  ,  LAB  AIR 


DELTc 

^  K 

DA/DN  (10**-6  IN.  /CYCLE) 

(KSI»INfnH/2) 

ABC 

F(HZ)=  3.00  F<HZ)«  6.67 

A 

DELTA  K  B 

16.  13 

1.  09 

MIN  C 

D 

20.  00 

1.  86 

23.  00 

3.  44 

30.  00 

3.  93 

33.  00 

9.  64 

40.  00 

13.  0 

30.  00 

32.  5 

60.  00 

63.  2 

A 

DELTA  K  D 

67.  92 

101. 

MAX  C 

D 

ROOT  MEAN 

SQUARE 

0.  00  5.  89 

PERCENT 

ERROR 

PREDICTION  0.  5-0.  8 
RATIO  0. 8-1  25 

SUMMARY  1.25-2.0 
<NP/NA)  >2.  0 


3.16-12 


w  V  9  V  '.'■'  1  ■» 'gj^vw^c^ V 


•»  '•  V»^»%  ’ 


3.16-13 


TABLE  3.16.3.6 


FATIGUE  CRACK  GROWTH  RATES  AT  DEFINED  LEVELS 
OF  STRESS  INTENSITY  FACTOR 

DATA  ASSOCIATED  WITH  FIGURE  3. 16. 3.6  INDICATING  EFFECT 

OF  ENVIRONMENT 


MATERIAL; 

STAINLESS  STEEL  304 

1 

CONDITION: 

ANNEALED 

« 

DELTA  K 
<KSHHN**l/2) 


E--+  aoo  F 


DA/DN  (10**-6  IN.  /CYCLE) 
5  C 


DELTA  K  B 
MIN  C 
D 


12.  99 


13.  GO 
16.  00 
20.  00 
25.  00 
30.  00 

34.  83 


1.  46 


1  46 

2  90 
6  70 

10.  3 
21  O 

47  9 


DELTA  K  B: 


ROOT  MEAN  SQUARE 
PERCENT  ERROR 


15  35 


LIFE  0,  0-0.  5 

PREDICTION 

0.  5-0  8 

RATIO 

0.  8-1.  25 

4 

SUMMARY 

1.  25-2.  0 

1 

<NP/NA) 

:-2.  0 

3.16-14 

CONDITION/HT:  ANNEALED 
FORM:  0.  50 "TH  PLATE 

SPECIMEN  TYPE:  CT 
ORIENTATION 
STRESS  RATIO:  *2.  05 
FREQUENCY:  0.  6  HZ 


AK  (MPA  \/m) 

4  10  40  100 

I  '  I  '  I'I'I - 1  ii '/'i'l - ^  „ 

ENVIRONMENT:  800*  F.  —  io° 

4jio’ 


YIELD  STRENGTH;  39.6  KSI 
ULT.  STRENGTH:  77.  5  KSI 
SPECIMEN  THK:  0.300-  0.500  " 

SPECIMEN  WIDTH;  1.  157-  2.998" 

REFERENCES:HD01 1.  HD012 


AK  (MPA  v/m) 
4  10  4( 


4  10  40  100 

I  I  IM'I'I - 1  '  I'I'I'I 

ENVIRONMENT; 


4  10  40  100 

AK  (KSI  v^) 


10° 

10’ 

10' 

10'^ 

10’ 

10'^ 

10 ' 

10^ 

10' 

10* 

io' 

10® 

10 

10' 

4  10 

I  M  '  IT'I — 

ENVIRONMENT: 


4  10 

AK  (KSI  v/^) 


Figure  3.16.3.6 

3.16-15 


STAIN. 

STEEL 

10'^ 


,0’i 


-.-.A'-hi 


.  / 


%  • 


TABLE  3.16.3.7 

FATIGUE  CRACK  GROWTH  RATES  AT  DEFINED  LEVELS 
OF  STRESS  INTENSITY  FACTOR 

DATA  ASSOCIATED  WITH  FIGURE  3.16.3.7  INDICATING  EFFECT 

OF  ENVIRONMENT 

MATERIAL:  STAINLESS  STEEL  304 
CONDITION:  ANNEALED 


DELTA  K 
(KSI*IN**l/2) 


DA/DN  <10**-6  IN.  /CYCLE) 
B  C 


E«^  5S0  F 


AIR 


DELTA  K  B 
MIN  C 


DELTA  K  B 
MAX  C 
0 


17.  34 

1.  23 

20.  00 

1.  65 

25.  00 

4.  94 

30.  00 

12.  0 

35.  00 

19.  4 

40.  00 

36.  7 

50.  00 

94.  3 

51.  20 

86.  4 

ROOT  MEAN  SOUARE 
PERCENT  ERROR 


15.  97 


r..  ■ 

LIFE 

0.  0-0.  5 

PREDICTION 

0.  5-0,  8 

RATIO 

0.  8-1. 25 

SUMMARY 

1.  25-2.  0 

m 

(NP/NA) 

:>2.  0 

3.16-16 


CONDITION/HT:  ANNEALED 
FORM:  1.  00"TH  PLATE 

SPECIMEN  TYPE:  CT 
ORIENTATION  T-L 
STRESS  RATIO:  +0.  05 
FREQUENCY:  2.  5  HZ 


YIELD  STRENGTH:  39.  0  KSI 
ULT  STRENGTH:  84.  0  KSI 
SPECIMEN  THK:  0.252-  0.999" 

SPECIMEN  WIDTH  1.  999-  8.  001 " 

REFERENCES:HD010 


AK  (MPA  v/rn) 

4  10  40  100 

T-n-nm — i  iMJ'i'i — ^ 

ENVIRONMENT:  550*  F,  _ 


AK  (MPA  v/m) 
I  10  4 


4  10  40  100 

I  '  I '  I'i'i — r"n"TTT“ 

ENVIRONMENT: 


4  10  40  100 

ZkK  (KSI  -s/^) 


10° 

(D 

10’ 

10' 

10  ^ 

10‘ 

10'^ 

io' 

10'^ 

10 

10'^ 

io‘ 

10‘® 

10' 

10° 

10'‘ 

® 

10  ’ 

10' 

10'^ 

10 

10'^ 

Id' 

10'^ 

10 

10’^ 

id' 

10® 

Id 

io' 

4  10 

Environment 


4  10 

I  '  I  'I'I'I - 

ENVIRONMENT: 


Figure  3.16.3.7 

3.16-17 


4  10  - 

AK  {KSI  v/Tn> 


TABLE  3.16.3.8 


FATIGUE  CRACK  GROWTH  RATES  AT  DEFINED  LEVELS 
OF  STRESS  INTENSITY  FACTOR 

DATA  ASSOCIATED  WITH  FIGURE  3. 16. 3.8  INDICATING  EFFECT 

OF  ENVIRONMENT 


CONDITION/HT:  ANNEALED  ft  AGE 
FORM:  0.  50"TH  PLATE 

SPECIMEN  TYPE;  CT 
ORIENTATION 
STRESS  RATIO:  ♦0.  05 
FREQUENCY  3.  0  HZ 


YIELD  STRENGTH:  30.  6  KSI 
ULT.  STRENGTH:  77.  1  KSI 
SPECIMEN  THK:  0.  4S8" 
SPECIMEN  WIDTH:  2.  001 '' 
REFERENCES:HO00e 


AK  {MPA  v/m) 

4  10  40  100 

1  "nTiTi — 

ENVIRONMENT;  R.  T.  . 

LAB  AIR 


AK  (MPA  v/m) 


4  10  40  100 

1  ■'"P  PPI - r  I  I  '  Ml 'I 

ENVIRONMENT: 


4  10  40  100 

AK  (KSI  v/in) 


10° 

® 

10‘ 

10’ 

10  ^ 

10' 

10'^ 

io‘ 

lO"* 

10 

10® 

io' 

10' 

10'® 

10‘‘ 

10° 

® 

10’ 

10' 

10' 

4  10 

T-fTTTTTl — 

ENVIRONMENT: 


1  4  10 

\E~\'  ^  r  I'l'i'i — 

-  ENVIRONMENT: 


Figure  3.16.3.8 
3.16-19 


4  10  - 

AK  (KSI  v/m) 


TAULC  3.17.3.1 

FATIGUE  CRACK  GROWTH  RATES  AT  DEFINED  LEVELS 
OF  STRESS  INTENSITY  FACTOR 

D.ATA  ASSOCIATED  WITH  FIGURE  3.17.3.1  INDICATING  EFFECT 


OF  ENVIRONMENT 


'(i 

I 

r, 

<*. 

/, 

A 

< 

7, 

f', 

< 


ROOT  MEAN  SQUARE  6. 93 

PERCENT  ERROR 


LIFE  0.  0-0.  5 

PREDICTION  0.  5-0.  8 

RATIO  0.  S-1.25  1 

SUMMARY  1,25-2.0 
(NP/NA)  :-2.  0 


ir*, 


3.17-2 


CONDITION/HT:  ANNEALED 
FORM:  0.50’'TH  PLATE 

SPECIMEN  TYPE:  SENT 
ORIENTATION 
STRESS  RATIO:  04 

FREQUENCY:  0.  6  HZ 


YIELD  STRENGTH:  44.  1  KSI 
ULT.  STRENGTH:  82.  1  KSI 
SPECIMEN  THK:  0.504" 
SPECIMEN  WIDTH:  4.  501 " 
REFERENCES:HD013 


AK  (MPA  v/m) 

4  10  40  100 


G 


10' 


10  ’ 


10 


•3 


— Jio- 


^10- 


—^10' 


10* 


10' 


10 


-JlO'* 


_^10- 


10 


,•6 


(KSI  -(/m) 


AK  (MPA  v/m) 

4  10  40  100 


®  E 


r\‘3 


10 


-7 


lO' 

® 


=  J  M  '  I'I'I  1  '  1  >  MM 

-  ENVIRONMENT: 

— 

— 

— 

— 

— 

”  — 

- 

— 

— 

— 

— 

— 

— 

1  1  1  1  1 1 1 1 

_ 1 _ L  LiJ-JlLL 

10 


■2 


10  hr 


lO'-’t 


10 


10 


v6 


10 


10' 


10’ 


i.  1 1 1  111 


40  100 


I  '  I  '  I'I'I - 1  ■  '  I  '  I'I'I - ^ 

ENVIRONMENT; 


1  1  I  I  hll 


4  10  40  100 

AK  (KSI  v/in) 


Figure  3.17.3.1 


3.17-3 


CONDITION/HT.  ANNEALED 
FORM:  0.50"TH  PLATE 

SPECIMEN  TYPE:  CT 
ORIENTATION 
STRESS  RATIO:  *1^  05 
FREQUENCY.  0.  6  HZ 


AK  (MPA  v/m) 

4  10  40  100 

I  '  I '  I'i'i — ril'TTi — ^  „ 

ENVIRONMENT:  ♦  800“  F.  —  10° 
AIR  = 


V 

i 


4  10  40  100 

I  '1 1  i'|i| — I'M  ni'i 

ENVIRONMENT: 


4  10  40  100 

4kK  (KSI  >770) 


YIELD  STRENGTH:  44.  1  KSI 
ULT.  STRENGTH:  82.  1  KSI 
SPECIMEN  THK:  0.488-  0.504" 

SPECIMEN  WIDTH:  1.098-  2.047' 

REFERENCES:HD013.  HD012 


AK  (MPA  v/m) 

4  10  40 


10° 

10' 

10' 

10^ 

10 

10^ 

10  ‘ 

10'^ 

10' 

10'^ 

10* 

10® 

10' 

10"' 

ENVIRONMENT:  800 

AIR 


4  10  40 

I  '  I  '  I'I'I — r~n^ 

ENVIRONMENT: 


4  10  40 

AK  (KSI  \/m) 


Figure  3.17.3.2 
3.17-5 


STAIN. 

STEEL 


TABLE  3.17.3.3 


FATIGUE  CRACK  GROWTH  RATES  AT  DEFINED  LEVELS 
OF  STRESS  INTENSITY  FACTOR 

DATA  ASSOCIATED  WITH  FIGURE  3.17. 3. 3  INDICAT ING  EFFECT 

OF  FREQUENCY 


MATERIAL:  STAINLESS  STEEL  316 
CONDITION:  ANNEALED  AT  1930F.  IHR.  WO 
ENVIRONMENT:  R.  T.  .  LAB  AIR 


DELTA  K 
(KSI»IN**l/2) 


DA/DN  (l0**-6  IN. /CYCLE) 


A 

B 

C 

0 

F(HZ)«  5.00 

F(HZ)=  10.  00 

A 

21.  20 

2.  84 

K  B 

19.  09 

2.  51 

C 

D 

20.  00 

2.  39 

25.  00 

5.  45 

6.  24 

30.  00 

11.  6 

13.  1 

j  „ 

35.  00 

22.  8 

30.  9 

40.  00 

42.  4 

53.  1 

A 

40.  78 

46.  5 

K  B 

40.  55 

53.  6 

C 

0 

MEAN 

SQUARE 

4.  22 

20.  54 

PERCENT  ERROR 


LIFE  0.  0-0  3 

PREDICTION  O.  5-0  8 
RATIO  0.  S-1  25 

SUMMARY  i.25-2.  0 
<NP/NA>  >2.  0 


3.17-6 


'*.v  .  »  fa. 


CONDITION/HT;  ANNEALED  AT  1950F,  IHR.  WQ 

FORM:  0.50"TH  PLATE  YIELD  STRENGTH:  43,0-  44.  1  KSI 

SPECIMEN  TYPE:  CT  ULT  STRENGTH:  81.5-  02.1  KSI 

ORIENTATION-  SPECIMEN  THK:  0.  405-  0.  525- 

STRESS  RATIO:  05  SPECIMEN  WIDTH:  2.  000-  2.  001  “ 

ENVIRONMENT:  R.  T. .  LAB  AIR  REFERENCES:HD014,  HD013 


AK  (MPA  v/m) 
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Figure  3.17.3.3 
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4  10  40  1 
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TABLE  3.18.3.1 


fatigue  crack  growth  rates  at  defined  levels 

OF  STRESS  INTENSITY  FACTOR 

data  ACSCCIATED  WITH  F IGURE  3. 18.  3. 1  INDICATING  EFFECT 


OF  STRESS  RATIO 


MATERIAL: 

STAINLESS  STFEl.  347 

CONDITION 

AT  CENTERLUE 

ENVIRONMENT:  R.  T. 

l.Afi  AIR 

DEI-TA  K 

DA/DN  (10**-6  IN.  /CYCLE) 

(KSI»IN**l/2) 

A  B  C  D 

R=^0.  10 

A 

36.  67 

1.  71 

DELTA  K  B 

MIN  C 

D 

40.  00 

3.  03 

30.  00 

13.  1 

60  00 

44.  1 

A 

69.  67 

92.  0 

DELTA  K  B 

MAX  C 

D 

ROOT  MEAN 

SQUARE 

12.  11 

PERCENT  ERROR 

LIFE 

PREDICTION 

RATIO 

SUMMARY 

(NP/NA) 


0.  0-0.  5 

0.  e-0  8 

0.  8-1. 25 
1. 25-2.  0 

:-2.  0 


^  CONDITION/HT:  AT  CENTERLINE 

m  FORM:  WELDMENT 

•f.l  SPECIMEN  TYPE:  CT 

!v.  ORIENTATION: 


YIELD  STRENGTH. 

ULT.  STRENGTH: 
SPECIMEN  THK:  1.  000" 


STAIN. 

STEEL 


CONOITION/HT;  AT  HEAT  AFFECTED  ZONE 
FORM:  WELDMENT 
SPECIMEN  TYPE:  CT 
ORIENTATION: 

FREQUENCY:  30. 0  HZ 

ENVIRONMENT:  R.  T.  ,  LAB  AIR 


AK  (MPA  >/m) 

4  10  40  100 


4  10  40  100 

I  '  I  '  I'PI - 1  '  I  M'l'l  ■ 

STRESS  RATIO  = 


YIELD  STRENGTH: 

ULT.  STRENGTH: 

SPECIMEN  THK:  1.000" 
SPECIMEN  WIDTH:  5.000’ 
REFERENCES  AH001 
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TAULk  3.18.3.3 


fatigue  crack  growth  rates  at  defined  levels 

OF  STRESS  INTENSITY  FAC  I  OR 

DATA  ASSOCIATED  WITH  FIGURE  3. 18. 3.  3  INDICATING  EFFECT 

OK  STRESS  RATIO 


MATERIAL;  STAINLESS  STEEL  2A7 


CONDITION 

.  050  IN 

FROM  CENTERLINE 

ENVIRONMENT;  R.  T 

LAD  AIK 

DELTA  K 

DA/DN  ( 

(KSI*IN»»l/2) 

A  Q 

R=>0.  10 

A 

36.  21 

2.  53 

DELTA  K  Q 

MIN  C 

0 

40.  00 

4  98 

50.  00 

9  83 

60.  00 

18.  0 

70.  00 

47.  3 

80.  00 

89.  2 

A 

81.  77 

93.  9 

DELTA  K  D 

MAX  C 

D 

ROOT  MEAN 

SQUARE 

10.  14 

PERCENT  ERROR 

LIFE 

PREDICTION 

RATIO 

SUMMARY 

(NP/NA) 


0.  0-0.  5 
0.  3-0.  8 

0.  a-1.  25 

.  25-2.  O 

yz.  o 


c 
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C0ND<TI0N/HT:  .050  IN.  FROM  CENTERLINE 

FORM.  WELDMENT  VlELD  STRENGTH: 

SPECIMEN  TYPE:  CT  ULT  STRENGTH: 

ORIENTATION:  SPECIMEN  THK:  1.  000" 

FREQUENCY:  30. 0  HZ  SPECIMEN  WIDTH:  5.  000" 

ENVIRONMENT:  R.  T.  .LABAIR  REFERENCES;AM001 


AK  (MPA  v/rn) 

4  10  40  100 


AK  (MPA  -v/m) 
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TABLE  3.19 

REFERENCES  FOR  STAINLESS  STEEL  DATA 


57573  PH14>8HO  Kc 

Anon.,  "Fracture  Toughiieet  and  Tear  Teets,"  Air  Force  Materials 
Laboratory,  Rasearch  and  Technology  Division,  Report  No.  ML-TOR-64-238, 
October  1964. 

70887  PH  I3-8M0  Ki.ec 

Peterson,  H.H.,  Brown,  B.  F..  Newbegin,  R.  L.,  and  Oroover,  R.  Z.,  Stress 
Corrosion  Cracking  at  High  Strength  Steels  and  TitaniuBi  Alloys  in  Chloride 
Solutions  at  Aadiient  Tesverature,"  Corrosion,  23,  (5),  pp.  142-148,  Hay  1967 

74720  AFC  77  Kk-  Ki,ec 

Webster,  D. ,  "The  Use  of  Defomation  Voids  to  Rafine  the  Austenitic  Grain 
Size  and  Improve  the  Hechanical  Properties  of  AFC  77,’  Researc.’.  Report 
06-23870,  The  Boeing  Co.,  Renton,  HA.,  ARPA  Contract  N00014 '66-C-0365 , 
February  1969. 

76136  AFC  77  Kjg  Klecc  da/dt 

Webstar,  D.,  "The  Stress  Corrosion  Resistance  and  Fatigue  Crack  Growth 
Rate  of  a  High  Strength  Martensitic  Stalnlaas  Steal,  AFC  77."  Kesearch 
Report  06-23973,  The  Boeing  Co.,  Renton,  WA.,  ARFA  Contrsci.  NC0014-66- 
C-0365,  June  1969. 

77934  Custom  455  Kje  ICi,cc 

Uchida,  J.  M,,  "Evaluation  of  Carpenter  Custom  455,”  Research  Rejyirr. 
06-23928,  The  Boeing  Co.,  Kenton,  wa.,  November  18,  1969. 

80685  AFC  260  Kjc  Kisec 

Webster,  0. ,  "Optimization  of  Strength  and  Toughness  in  Two  High 
Strength  Stainless  Steels."  Metallurgical  Transactions,  2,  (7), 
pp.  1857-1862,  July  1971. 

83613  PH  13-8M  Kiscc 

Sandoz,  G.,  "The  Resistance  of  Some  High  Strength  Steals  to  flow  Crack 
Growth  in  Salt  Water,"  NRL  Manocanduin  Report  2454,  Naval  Rasearch 
Laboratory,  Washington,  D.C.,  February  1972. 

84212  15-5  PH  Ric 

17-4  PH  Kic 

Takas,  E.  G,,  "Fracture  Toughness  Tests,  Date  on  Amco  17-4PH  and 
15-5  PH  Alloys,"  letter  to  J.E.  Campbell,  Battallu  Columbus, 

October  18,  1972. 

84302  AFC  77 

Webster,  0.,  'Increasing  the  Toughness  of  Martsnsitic  Stainless  Steel 
AFC  77  By  Control  of  Retained  Austenite  Content,  Ausformlng  and  Strain 
Aging,"  Transactiona  of  the  ASH,  61,  (4)  pp.  816-338,  December  1968. 

84306  PH  13-8  Mo 

Harrigan,  M.  J.,  "B-1  Fractura  Machanlcs  Data  for  Air  Force  Handbook 
Usage,"  Report  Tru-72-501,  Horth  Asiarlcan  Rockwall,  Loe  Angeles  Division, 

Los  Angsls’  CA.,  April  21,  1972. 

34333  AM  355  Kj,ec 

AN  362  Ktscc 
AM  364  kiscc 
CUSTOM  455  Ri,cc 
FH  13-8  Mo  Kiicc 
PH  15-7  Ho  Kiccc 
15-5  PH  Kiscc 
17-4  PH  Kiscc 
17-7  PH  Kiscc 

Carter,  C.  S.,  Farwick,  0.  G. ,  Ross,  A.  .H.,  Uchida,  J.  M. ,  "Stress 
Corrosion  Propsrties  of  High  Strangth  Precipitation  Hardening 
Stainless  Steels, "  Corrosion  27,  (5),  pp,  190-197,  May  1971. 
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1 

84365 

PH  13-8MO  Kic 

■ 

4 

4 

4 

3 

Takacs,  E.  G.,  "Plane  Strain  Fracture  Toughness  -  PH  13-8  Mo," 

Tabulated  Data  from  Annco  Steel  Corporation,  Advanced  Materials 

Division,  Baltimore,  Hd..  July  11,  1972. 

4 

i 

85034 

PH  13-8  MO  Kjg 

Mitchell,  John,  "Laboratory  Reports  on  Fracture  Toughness  Tests," 

per  memo  from  Ed  Cawthorne  of  February  5,  1973;  data  sheets  from  Shultz 

Steel  Co.,  South  Gate,  CA. 

1 

85544 

•VC  77  da/dN 

Speidel ,  M.O.,  "Dynamic  and  Static  Embrittlement  of  a  High  Strength 

Steel  in  water,"  preprint  from  L*  Hydrogen  Dans  Les  Meraux,  1, 

Editions  Science  et  Industries.  Paris,  France  (no  date). 

85836 

PH  13-8MO  Kjc 

Fracture  TouqhAats  Data  -  Rockwell  Interr\ational . Rockwell 

International  Corpea  Los  Angeles*  CA.,  April  24,  1973. 

858  3? 

PH  13-8  Ho  da/dH 

"Fracture  Toughness  Data  Collection,  Rockwell  International  Corporation, 
from  B-1  Program,"  Rockwell  International  Corporation,  Loe  Angeles,  CA., 

April  1973. 

35357 

?H  13-3  .Mo  )tic 

86688 

Shultz  Steel  Company  -  Fracture  Toughness  Data  •  May  10,  1973,  per 
memo  from  Ed.  Cawthorne  of  May  10,  1973. 

AM  355  K^scc 

PH  13-8MO  Kiscc 

PH  15-7  Mo  Kic 

15-5  PH  Kic 

17-7  PH  Klc  Kj.cc 

Sprowls,  0.  0.,  et  al.,  "Evaluation  of  Stress  Corrosion  Crack. ng 

Susceptibility  using  Fracture  Mechanics  Techniques,"  Final  Report 

Part  I,  Aluminum  Co.  of  America,  Alcoa  Technical  Center,  Alcoa,  Pa., 

Contract  NASA-21487,  May  31,  1973. 

87360 

AFC  77  Kic  Kt.cc 

Caton,  R.  G. ,  and  Carter,  C,  S.,  "Evaluation  of  AFC  77  Martensitic 

Stainless  Steel  for  Airframe  Structural  Applications,"  Report  AFHL- 
TR-73-182,  Boeing  Comnercial  Airplane  Co.,  Seattle,  WA,,  Contract 

P3361S-71-C-1550,  September  1973. 

88136 

PH  13-8  Mo  Kic 

Dill,  H.  D.,  "Evaluation  of  Steel  Alloys  JOOm.  HP-9Ni-4Co-20, 

HP-9Ni-4Co  -  30,  and  PH  13-8MO,  "Report  MDC-A2639,  McDonnell 

Aircraft  Co.,  McDonnell  Douglas  Corp.,  St.  Louis,  Ho.,  December  21, 

1973,  with  data  supplements  received  May  2,  1974. 

1 

08579 

PH  l3-aMo  da/dN 

1 

1 

i 

"B-1  Program  da/dH  Data  for  Aluminum  Alloys,"  Rockwell  International 

Corporation,  Hemorandum  -.o  H.D.  Horan  from  E.W,  Cawthorne  Battalle's 

Columbus  Laborstor les ,  April  3,  1974. 

• 

« 

•« 

i 
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90011  PH  13-8HO  Kic 

''Roc)cwell  InternAClonal ,  B~1  Program  Fracture  Toughness  Data  of 
August  i,  1974,"  with  memorandum  from  E.W.  Cawthome  to  H.O.  Moran  of 
Battalia's  Columbus  Laboratories.  August  S,  1974. 

92270  IS-S  PH  da/dM 

Rice,  R.  L. ,  "Fracture  Toughness  and  Fatigue  Cracic  Propagation  in 
IS'S  PH  Stainless  Steal  Bar,"  meBMrandum  to  J.  B.  Campbell,  Battella 
Coluadtus  Laboratories,  Columbus,  Ohio,  January  31,  197 S. 

AMOOl  347  da/dM 

"Fatigue  Crack  Propagation  in  a  347  Stainless  Steel  Weld,"  Prepared  for 
Airesearch  Manufacturing  Co.,  by  Del  West  Associates,  Inc.,  July  29,  197S 

BW004  IS-S  PH  da/dM 

Watson,  K.  R.,  "Pylon  Durability  and  Damage  Tolerance  Analysis," 

The  Boeing  Co.,  Wichita,  KA..  Contract  No.  F336S7-78-C-0108-P20036, 
Document  No.  D361>400  41-2,  September  1960. 

BWOOS  IS- 5  PH  da/dM 

Watson,  K.  R.,  "Weapons  Bay  Durability  and  Damage  Tolerance  Analysis," 

The  Boeing  Co.,  wicMca,  ka..  Contract  No.  F3  36S7-78-C-0108-P20036, 
Document  No.  D361-4  0041-1,  Septesiber  1980. 

BW007  15-5  PH  Kjg 

Hananal  A.,  Watson,  K.,  Knoff,  K. ,  and  Sherrich,  0.,  "Fracture  Mechanics 
Testing  of  B-32/CMt  Materials,"  Final  Teat  Report,  The  Boeing  Co., 
Wichita,  KA.,  Contract  No.  F336S7-7a-C00108-P20036,  Document  No. 
0361-11197-1,  December  1978. 

OAOOl  17-4  PH  Kic  da/dN 

17-7  PH  da/dM 

Fatigue  Crack  Srovth  Rats  Data  Sheets  on  Aluminum  Alloys  2024,  7010, 

7050,  7075,  and  7475(  Stainless  Steel  Alloys  17-4  PH  and  17-7  ph, 
and  Alloy  Steels  4340,  A286,  H-ll,  HY-180  and  12-9-2,  Sent  from  Hr. 

Paul  Atielkis,  Douglas  Aircraft  Co.,  McDonnell  Douglas  Corp.,  Long 
Beach,  CA.,  March  1982. 

00009  PH  13-8  No  Kjc  K{,cc  <la/dN 

Margolis,  W.  S.,  "P-16  Material  Allowables  Evaluation  of  PH  13-8Ho 
Steel  Alloy,  H1(}00  Temper,"  General  Dynamics,  Fort  viorth  Division, 

Report  Ho.  iePR10B4,  October  1978. 

00010  17-4PH  da/dN 

Margolis,  W.  S.,  "Constant  Amplitude  Fatigue  Crack  Growth  Rata  of 
17-4  PH  steel  Alloy  Casting,  H102S,  Repair  Welded  ard  Stress  Relieved 
at  90F,’  (Tensral  Dynamics,  Fort  Worth  Division,  Report  No.  16PR119S, 

Hay  1979. 

H0007  304  da/dN 

Jamas,  L.  A.,  Schwenk,  C.  B..  "Fatigue-Crack  Propagation  Behavior  of 
fypg  304  Stainless  Steel  at  Elevated  Teoperatures, "  Metallurgical 
Transactions,  Vol.  2,  pp.  491-496.  (1971) , 

HD008  304  da/dM 
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HD009  304  da/dN 

James,  L.  A.,  Staalsund,  J.  L.,  Bauer,  R.  E. ,  "Optimization  of 
Fatigue  Crac)c  Growth  Tasting  for  First  Wall  Materials  Development 
Evaluations,"  Journal  of  Nuclear  Materials,  Vol ,  8S-36,  Part  B, 
pp.  851-854,  (1979). 

HDOlO  304  da/dN 

James,  L.  A.,  "Specimen  Size  Considerations  in  Fatique-Cracic  Growth 
Rate  Testing  in  Fatigue  Crac)c  Groivth  Measurement  and  Data  Analysis. 
STD-738,  pp.  45-47,  ASTM,  (1981). 

HDOll  304  da/dN 

James,  L.  A.,  "Frequency  Effects  in  the  Elevated  Temperature  Crack 
Behavior  of  Austenitic  Stainless  Steels-A  Design  Approach,"  Journal 
of  Pressure  Vessel  Technology,  i'ol.  101,  pp.  171-176,  (1979)  . 

K0012  304  da/dN 

316  da/dN 

James,  L.  A.,  "Some  Obsurvations  Regarding  Specimen  Size  Criteria  for 
Fatigue-Crack  Growth  Rate  Testing,"  Report  HEDL-TME  77-87,  westinghouse 
Hanford  Co.,  Richland,  WA. ,  August  1977. 

HDOll  316  da/dN 

James,  L.  A.,  "The  Effect  of  Elevated  Temperature  Upon  the  Fatigue-Crack 
Propagation  Behavior  of  Two  Austenitic  Stainless  Steels,"  Maclianical 
Properties  of  Materials,  Vol.  Ill,  pp.  341-352,  society  of  Materials 
Science,  Japan,  1972. 

HD014  316  da/dN 

James,  L.  A.,  "A  Survey  of  the  Effect  of  Heat-to-Heat  Variations  Upon 
the  Fatigue-Crack  Propagation  Behavior  of  Types  304  and  316  Stainless 
Steels,"  Report  heOL-TKE  75-37,  Westinghouse  Hanford  Co,,  Richland, 

WA.,  May  1975. 

MAOOl  PH  ll-SMo  Kxc  da/dN 

Fracture  Toughness  and  Fatigue  Crack  Growth  Race  Data  for  Stainless 
Steel  PH  13-8  Ho.  Data  supplied  by  D.  L.  Rich  of  McDonnell  Aircraft 
Co.,  Sc.  Louis,  Ho.;  Attachment  Ho.  1,  Received  March  12,  1982. 

HCOOl  PH  13-8  Mo  Kjc 

Plane  Strain  Fracture  Toughness  Data  Sets  on  Aluminum,  Steel  and 
Titanium  Alloys.  Data  sent  from  P.G.  Porter  of  Northrop  Corporation. 
March  1,  1962. 

NC002  PH  13-8MO  da/dN 

Fatigue  Crack  Growth  Rate  Data  on  Aluminum  Steel  and  Titanium  Alloys. 
Data  sent  from  P.G.  Porter  of  Northrop  Corp..  March  1,  1982. 

R1004  (njSTOH  455  da/dN 

Hinas,  R.  G.,  "Fracture  Mechanics  Evaluation  of  Custom  455  Stainless 
Steel,"  Rockwell  International,  Shuttle  Orbiter  Division,  Laboratory 
Test  Report  No.  2761-41-33,  May  1980 

RI006  PH  13-8MO  (Ciscc 

Ferguson,  R.  R. ,  Berryman,  R.  C..  "Fracture  Mec)ianics  Evaluation  of 
B-1  Materials,"  Rockwell  International,  B-1  Division,  Los  Angeles, 

CA. ,  Contract  Mo.  F33657-70-C-0800,  Report  No.  ArML-TB-76-137 , 

(Tctober  1976. 
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CHAPTER  4 

TITANIUM  ALLOY  SECTIONS 


4.0  Titanium  Material  Summaries 

4.1  Beta 

4.2  Beta  C 

4.3  Beta  III 

4.4  Corona  5 

4.5  Ti-6AI-2Sn-22r-2Mo-2Cr-.2SSi 
(also  see  Section  4.8) 

4.6  Ti-4AI-3Mo-1V 

4.7  Ti-5AI-2.5Sn 

4.8  Ti-6-2-2-2-2  (also  see  Section  4.5) 

4.9  Ti-6-2-4-2 

4.10  n-6-2-4-6  (also  see  Section  4.15) 

4.11  Ti-6AI-4V 

4.12  Ti-6AMV(ELI) 

4.13  Ti-6AI*6V-2Sn 

4.14  Ti-6AI^V-2.5Sn 

4.15  Ti-6AI-2Sn-4Zr-6Mo  (also  see 
Section  4.10) 

4.16  Ti-8AI-1Mo-1V 

4.17  Ti-8Mo-8V-2Fe-3AI 

4.18  Ti-5AI-2  5Sn  (ELI) 

4.19  Ti-6AI-6V-2Sn  (ELI) 
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table  4.0.4. 1  (Cont) 


STRESS  CORROSION  CRACKING  THRESHOLD  DATA  FOR  TITANIUM  ALLOYS  AT  ROOM  TEMPERATURE 


'i 


TABLE  4.1. 3.1 

SUSTAINED  CRACK  GROWTH  RATES  AT  DEFINED  LEVELS 
OF  STRESS  INTENSITY  FACTOR 

DATA  ASSOCIATED  WITH  FIGURE  4. 1.3.1  INDICATING  EFFECT 


OF  ENVIRONMENT 


MATERIAL: 

CONDITION 

TITANIUM  BETA  TI 

BETA  STABILIZED 

K  MAX 

(KSI«IN««l/2) 

A 

DA/DT 

B 

(l0**-3  IN/HOUR) 

C 

D 

e= 

3.  SX  NACL 

A 

K  MAX  B 
MIN  C 

D 

200.  00 

A 

K  MAX  B 
MAX  C 

D 

ROOT  MEAN  SQUARE  O.  00 

PERCENT  ERROR 


I 

3 


N 

> 


! 


4 

{ 

'( 

J 

] 


1 


4.1-2 
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1 
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( 

1 

1 
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CONDITION/HT:  BETA  STABILIZED 
FORM:  0.1"TH  SHEET 

SPECIMEN  TYPE; 

ORIENTATION; 

YIELD  STRENGTH;  130,  B  KSI 
ULT  STRENGTH. 


K  max  (MPA  v^) 

4  10  40  100 


ENVIRONMENT: 
3.  SX  NACL 


4  10  40  100 

r  ''I ' I'M'i — r~n n'l'i 

ENVIRONMENT: 


SPECIMEN  THK:  0.  100" 
SPECIMEN  WIDTH:  8.  000" 
CRACK  LENGTH  (An): 

Kiscc  68.00  KSICSQRT  IN) 
REFERENCES:77450 


K  max  (MPA  \/rn) 
4  10  40 


4  10  40  100 

^max  (I^Sl  N/Tn) 


10“ 

10-' 

10-» 

io-» 

10-“ 

10" 

10-" 

® 

10“ 

10' 

10’ 

10’ 

10' 

10“ 

10“ 

10-' 

10-' 

10-' 

10-' 

10-’ 

10-" 

10“  ^ 


1  4  10  40  100 

E  T  '  I '  I'n  r"n  ^ni'i 

-  ENVIRONMENT: 


10'  _ 


4  10  40 

^max  N/Jn) 


Figure  4 . 1 . 3. 1 
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TABLE  -5. 2. 3.1 


FATIGUE  CRACK  GROWTH  RATES  AT  DEFINED  LEVELS 
OF  STRESS  INTENSITY  FACTOR 


DATA  ASSOCIATED  WITH  FIGURE  4. 2. 3.1  INDICATING  EFFECT 


OF  STRESS  RATIO 


MATERIAL;  TITANIUM  Bl 

CONDITION;  8TA 
ENVIRONMENT;  R.  T.  .  DRY  AIR 


BETA-C 


DELTA  K 
(K8Z*XN««l/2) 


5.  37 


DELTA  K  B 
MIN  C 
D 


41.  22 


DELTA  K  B; 


ROOT  MEAN  SQUARE 
PERCENT  ERROR 


LIFE  0.  0-0.  5 

PREDICTION 

0.  3-0.  8 

RATIO 

0.  8-1.  25 

SUMMARY 

1.  25-2.  0 

<NP/NA) 

>2.  0 

DA/DN  IN. /CYCLE) 


R-+0.  10 


R-+0.  50 


.  164 


6.  00 

.  301 

7.  00 

.  624 

a.  00 

1.  07 

9.  00 

1.  62 

10.  00 

2.  26 

13.  00 

4.  36 

16.  00 

7.  40 

20.  00 

12.  3 

23.  00 

21.  6 

30.  00 

37.  1 

33.  00 

63.  3 

40.  00 

110. 

22.  03 


CONDITION/HT:  STA 
FORM:  0.  13-TH  SHEET 

SPECIMEN  TYPE:  CCP 
ORIENTATION:  L-T 
FREQUENCY:  6.  00  HZ 

ENVIRONMENT:  R.  T.  .  DRY  AIR 


7 

V. 


AK  (MPA  Vm) 

4  10  40  100 


4  10  40  100 


4  10  40  100 

AK  (KSI  >/Tn) 


YIELD  STRENGTH:  187.  7  KSI 
ULT.  STRENGTH:  183.  5  KSI 
SPECIMEN  THK:  0.  125-  0.  126" 

SPECIMEN  WIDTH:  8.  002-  8.  026" 

REFERENCES8B575 


AK  (MPA  <x/m) 

4  10  40  100 


STRESS  RATIO  =  ♦0.  S0 


4  10  40  100 


4  10  40 

AK  (KSI  v/Tn) 


Figure  4.2.3. 1 


10'^  ^ 


TABLE  4. 2. 3. 2 


FATIGUE  CRACK  GROWTH  RATES  AT  DEFINED  LEVELS 
OF  STRESS  INTENSITY  FACTOR 

DATA  ASSOCIATED  WITH  FIGURE  4.2. 3.2  INDICATING  EFFECT 

OF  STRESS  RATIO 


«l 

r 

t 


CONDITION/HT:  STA 

FORM:  0.  12-  0.  13" TH  SHEET 

SPECIMEN  TYPE:  CCP 

ORIENTATION:  L-T 

FREQUENCY:  0.10-  1.00  HZ 

ENVIRONMENT:  R.  T.  ,  S.  T.  W. 


AK  (MPA  •v/m) 

4  10  40  100 


4  10  40  100 

I  — r-'  i 

STRESS  RATIO  = 


4  10  40  100 

AK  (KSI  >/In) 


YIELD  STRENGTH:  107.  7  KSI 
ULT.  STRENGTH:  183.  5  KSI 
SPECIMEN  THK:  0.116-  0.127" 

SPECIMEN  WIDTH:  6.  002-  6.  023' 

REFERENCES38575 


AK  (MPA  \/m) 

4  10  40 


10® 

vs/ 

10' 

10' 

10^ 

10' 

10'^ 

10 ' 

10'^ 

10' 

10'* 

10* 

10® 

10*' 

10'' 

4  10  40 

I  I'l'i'i — r~n^ 
STRESS  RATIO  » 


4  10  40 

AK  (KSI  V^) 


Fiqurc  4. 2. 3. 2 


TITAN. 
I  ALLOY 


BETA-C 


CONDITION/HT:  STA 
FORM:  0.  13"TH  SHEET 

SPECIMEN  TYPE:  CCP 
ORIENTATION:  T-L 
FREQUENCY:  1.00  HZ 

ENVIRONMENT:  R.  T.  ,  S.  T.  W. 


YIELD  STRENGTH:  167.  7  KSI 
ULT.  STRENGTH:  183.  5  KSI 
SPECIMEN  THK:  0.127" 
SPECIMEN  WIDTH:  6.  009" 
REFERENCES;8e575 


STRESS  RATIO 


10° 

® 

10-' 

10^ 

STRESS  RATIO 


TITAN. 

ALLOY 


BETA-C 


TABLE  4.3.  3.1 


FATIGUE  CRACK  GROWTH  RATES  AT  DEFINED  LEVELS 
OF  STRESS  INTENSITY  FACTOR 

DATA  ASSOCIATED  WITH  FIGURE  4. 3. 3.1  INDICATING  EFFECT 

OF  ENVIRONHENT 


MATERIAL: 

CONDITION; 

TITANIUM 

STA 

BETA  III 

DELTA  K 

DA/DN  <10**-6  IN.  /CYCLE) 

(KSI*IN**l/2> 

A 

B  C 

D 

E«-  A5F 

E-+  175F 

AIR 

AIR 

A; 

2A.  74 

28.  9 

DELTA  K  B; 

20.  02 

10.  1 

MIN  C: 

D: 

25.  00 

19.  1 

30.  00 

34.  0 

31.  8 

as.  00 

41.  6 

47.  8 

40.  00 

52.  2 

66.  7 

50.  00 

100. 

110. 

60.  00 

260. 

A: 

63.  42 

291. 

DELTA  K  B: 

58.  83 

149. 

MAX  C: 

D. 

ROOT  MEAN 

SQUARE 

23.  87 

5.  19 

PERCENT  ERROR 

LIFE  O.  0-0.  3 

PREDICTION  O.  5-0.  8 
RATIO  0.8-1.25 

SUtiMARY  1.23-2.0 
(NP/NA)  >2.  O 


4.3-4 


CONDITION/HT:  STA 
FORM:  1.00"TH  PLATE 

SPECIMEN  TYPE:  CT 
ORIENTATION  T-L 
STRESS  RATIO:  ♦0.10 
FREQUENCY:  0.  10-  10.  00  H2 


YIELD  STRENGTH: 

ULT.  STRENGTH: 

SPECIMEN  THK:  1.000" 
SPECIMEN  WIDTH:  2.  S50" 
REFERENCES:88144 


TITAN. 

ALLOY 


BETA  II 


TABLE  4. 3.  3. 2 


FATIGUE  CRACK  GROWTH  RATES  AT  DEFINED  LEVELS 
OF  STRESS  INTENSITY  FACTOR 

DATA  ASSOCIATED  WITH  FIGURE  4. 3. 3. 2  INDICATING  EFFECT 

OF  ENVIRONMENT 


MATERIAL;  TITANIUM  BETA  III 

CONDITION:  8TA.  E.  B.  WELDMENT  (WELD  ZONE) 


DELTA  K 
(K8I«IN**l/2) 


DA/ON  (10««-A  IN.  /CYCLE) 


A 


B 


C 


D 


E-  R.  T. 
LAB  AIR 


A: 

DELTA  K  B: 

MIN  C: 

D: 

200.  00 
A: 

DELTA  K  B: 

MAX  C: 

D: 


ROOT  MEAN  SQUARE  0.00 

PERCENT  ERROR 


LIFE  0.  0-0.  5 
PREDICTION  0.  S-0.  8 
RATIO  0.  8-1.  25 
SUMMARY  1.  25-2.  0 
<NP/NA)  >2.0 


4.3-6 


TABLE  4.3. 3.3 


FAT I CUE  CRACK  GROWTH  RATES  AT  DEFINED  LEVELS 
OF  STRESS  INTENSITY  FACTOR 

DATA  ASSOCIATED  WITH  FIGURE  4. 3. 3. 3  INDICATING  EFFECT 

OF  ENVIRONMENT 


MATERIAL:  TITANIUM  BETA  III 

CONDITION;  8TA>  E.  B.  WELDMENT  (HEAT  AFFECTED  ZONE) 


DELTA  K 
(KSI«IN*«l/2) 


DA/DN  (10««-6  IN. /CYCLE) 
B  C 


E-+  17SF 


AIR 


DELTA  K 
MIN 


A 

24.  74 

12.  8 

B 

C 

D 

25.  00 

2 

30.  00 

23.  2 

35.  00 

35.  2 

40.  00 

90.  1 

50.  00 

97.  2 

A 

98.  23 

171. 

DELTA 

MAX 


ROOT  MEAN  SQUARE  9.  96 

PERCENT  ERROR 


LIFE  0.  0-0.  9 

PREDICTION  0.  9-0.  8 
RATIO  O.  8-1.  29 

SUMMARY  1 .  29-2.  O 
(NP/NA)  >2.  0 


4.3-8 


CONDI7ION/HT:  ST  A.  E.  B.  WELDMENT  CHEAT  AFFECTED  ZONE)  TITAN. 

FORM:  1.  00"TH  WELDMENT  YIELD  STRENGTH:  ALLOY 

SPECIMEN  TYPE:  CT  ULT.  STRENGTH: 

ORIENTATION  T-L  SPECIMEN  THK:  1.  000"  - 


STRESS  RATIO:  +0.10  SPECIMEN  WIDTH:  2.  550" 

FREQUENCY:  0.10-  10.  00  HZ  REFERENCES:eei  44 


TABLF  4. 3.  3. 4 


SUSTAINED  CRACK  GROWTH  RATES  AT  DEFINED  LEVELS 
OF  STRESS  INTENSITY  FACTOR 

DATA  ASSOCIATED  WITH  FIGURE  4, 3. 3.4  INDICATING  EFFECT 


OF  CONDITION 


MATERIAL:  TITANIUM 
ENVIRONMENT:  R  T 

BETA 

.  0.  6M  KCL 

III 

K 

MAX 

DA/DT 

(10**-3  IN/HOUR) 

(KSI*IN**l/2) 

A 

B 

C 

D 

C» 

C- 

C» 

AGED  900F 

AGED  iOOOF 

AGED  1250F 

lOOHRS 

iOOHRS 

50HR8 

A;  15.  50 

40051 

K  MAX 

B:  23.  00 

11709. 

MIN 

C. 

D; 

16.  00 

40305 

20.  00 

41048 

25.  00 

40606 

13521 

30.  00 

40032 

15835. 

35.  00 

39004 

16116. 

40.  00 

40045 

15677. 

50.  00 

41973. 
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TABLE  4. 7. 3.1 


FATIGUE  CRACK  GROWTH  RATES  AT  DEFINED  LEVELS 
OF  STRESS  INTENSITY  FACTOR 

DATA  ASSOCIATED  WITH  FIGURE  4. 7. 3.1  INDICATING  EFFECT 


OF  ENVIRONMENT 


MATERIAL;  TITANIUM 
CONDITION;  ANNEALED 


TI-5AL>2.  98N 


DELTA  K 

DA/DN  (10**-6 

IN.  /CYCLE) 

(K8I*IN»«l/2) 

A 

B 

C 

D 

E-  R.  T. 

E-  R-  T. 

E-  R.  T. 

E«  R.  T. 

DRY  ARCON 

LAB  AIR 

DI8T.  H20 

3.  5X  NACL 

A:  16.  99 

2.  12 

DELTA  K  B:  17.  90 

8.  19 

MIN  C;  16.  62 

7.  49 

D:  17.  97 

16.  3 

20.  00 

4.  77 

11.  7 

11.  8 

23.  9 

29.  00 

lO.  0 

20.  7 

20.  4 

37.  9 

30.  00 

17.  3 

32.  9 

31.  1 

90.  9 

39.  00 

28.  6 

47.  3 

42.  4 

64.  2 

40.  00 

92.  7 

A:  38.01 

38.  7 

DELTA  K  B:  37.81 

97.  0 

MAX  C:  42.00 

96.  3 

D:  38. 00 

73.  6 

ROOT  MEAN  SQUARE 

4.  48 

2.  10 

7.  50 

4.  46 

PERCENT  ERROR 


LIFE  0.  0-0.  9 
PREDICTION  0.  9-0.  8 
RATIO  0.8-1.29 

SUMMARY  1.  29-2.  0 
(NP/NA)  >2.  0 


4.7-12 


CONDITION/HT:  ANNEALED 
FORM:  0.0e"TH  SHEET 

SPECIMEN  TYPE:  CCP 
ORIENTATION-  L-T 
STRESS  RATIO:  •►0.  10 
FREOUENCY:  50.00  HZ 


AK  (MPA  -x/m) 

4  10  40  100 


R.  f.  . 


4  10  40  100 


R.  T. ; 


4  10  40  100 

AK  (KSI  v/m) 


YIELD  STRENGTH:  122.  3  KSI 
ULT.  STRENGTH:  133.0  KSI 
SPECIMEN  THK;  0.063-  0.064" 

SPECIMEN  WIDTH:  2.  754-  2.  758" 

REFERENCES:88011 


— n  10 


AK  (MPA  <x/m) 
4  10  4 


ENVIRONMENT:  R.  1 
LAB  AIR 


4  10  4 


/ 


4  10  - 

AK  (KSI  >/m) 


Figure  4. 7. 3.1 


4.7-13 


TITAN. 

ALLOY 


TI-5AL- 
2.  5SN 


TABLE  4. 7. 3. 2 


FATIGUE  CRACK  GROWTH  RATES  AT  DEFINED  LEVELS 
OF  STRESS  INTENSITY  FACTOR 

DATA  ASSOCIATED  WITH  FIGURE  4.7. 3. 2  INDICATING  EFFECT 


OF  ENVIRONMENT 


MATERIAL: 

TITANIUM 

T1-5AL- 

■2.  58N 

CONDITION: 

ANNEALED 

DELTA  K 

DA/DN  <10««-6 

IN.  /CYCLE) 

(K8I»IN»«l/2) 

A 

B 

C 

0 

E-  R.  T. 

E-  R.  T. 

E»  R.  T. 

E-  R.  T. 

DRY  argon 

LAB  AIR 

DI8T.  H20 

3.  3%  NACL 

A: 

18.  13 

4.  02 

DELTA  K  B: 

18.  23 

8.  87 

MIN  C: 

21.  49 

16.  0 

D: 

20.  00 

30.  2 

20.  00 

5.  3A 

11.  6 

25.  00 

11.  6 

21.  3 

23.  4 

51.  1 

30.  00 

20.  8 

34.  4 

35.  8 

69.  4 

35.  00 

33.  6 

51.  0 

51.  0 

86.  5 

40.  00 

50.  3 

71.  3 

69.  9 

105. 

50.  00 

94.  7 

124. 

124. 

157. 

A: 

33.  17 

112. 

delta  K  B: 

33.  30 

143. 

MAX  C: 

33.  14 

148. 

D: 

53.  17 

181. 

ROOT  MEAN 

SQUARE 

4.  36 

3.  18 

4.  21 

4.  43 

PERCENT  ERROR 

LIFE  0.  0-0.  3 

PREDICTION  O.  3-0.  8 

RATIO  O.  8-1.  23  2  2  2  2 

SUMMARY  1.  23-2.  0 
(NP/NA)  >2.  0 


4.7-14 


CONDITION/HT:  ANNEALED 
FORM;  0.Be"TH  SHEET 
SPECIMEN  TYPE:  CCP 
ORIENTATION  L-T 
STRESS  RATIO:  ■►O.  10 
FREQUENCY;  30.00  HZ 


YIELD  STRENGTH:  122.  3  KSI 
ULT  STRENGTH;  133.  9  KSI 
SPECIMEN  THK :  0.  0B3-  0.  084  " 

SPECIMEN  WIDTH:  2.754-  2.764" 

REFERENCES:e881 1 


TITAN. 

ALLOY 


T1-5AL- 
2.  5SN 


UUIIJI 


^VggOy^NT; 


I 

I 

v! 


TABLE  4. 7. 3. 3 

FATIGUE  CRACK  GROWTH  RATES  AT  DEFINED  LEVELS 
OF  STRESS  INTENSITY  FACTOR 


DATA  ASSOCIATED  WITH  FIGURE  4. 7. 3. 3  INDICATING  EFFECT 


OF  ENVIRONMENT 


MATERIAL;  TITANIUM 
CONDITION:  ANNEALED 


DELTA  K 
(K8I*IN*«l/2) 


T I -SAL-2.  58N 


DA/DN  <10»*-6  IN. /CYCLE) 


E-  R.  T. 
DRY  ARGON 


E-  R.  T. 
LAB  AIR 


E-  R.  T. 
DIST.  H20 


E»  R.  T. 

3.  5X  NACL 


delta  K  B 

HIN  C 
D 


DELTA  K  B 
MAX  C 
D 


4.  31 

3.  99 

3.  44 
3.  77 

.  0150 

.  0597 

.  0749 

.  123 

3.  30 

.  0781 

4.  00 

.  0604 

.  114 

.  149 

3.  00 

.  0301 

.  132 

.  233 

.  293 

6.  00 

.  0444 

.  310 

.  326 

.  719 

7.  00 

.  0338 

.  338 

.  984 

2.  34 

8.  00 

.  0782 

.  922 

1.  63 

5.  30 

9.  00 

.  136 

1.  43 

2.  51 

7.  20 

10.  00 

.  278 

2.  13 

3.  49 

7.  97 

11.  87 

12.  S6 
12.  87 
12.  93 

.  999 

5.  60 

3.  99 

12.  4 

ROOT  MEAN  SQUARE 

18.  92 

14.  40 

8.  03 

13.  28 

PERCENT  ERROR 

LIFE 

PREDICTION 

RATIO 

SUMMARY 

(NP/NA> 


0.  0-0.  9 
0.  3-0.  S 
0.  6-1.  23 
1.  23-2.  0 
>2.  0 


4.7-16 


TITAN. 

ALLOY 


TABLE  4. 7. 3. 4 


FATIGUE  CRACK  GROWTH  RATES  AT  DEFINED  LEVELS 
OF  STRESS  INTENSITY  FACTOR 

DATA  ASSOCIATED  WITH  FIGURE  4.7. 3.4  INDICATING  EFFECT 


□F  ENVIRONHENT 


HATER I AL;  TITANIUM 
CONDITION:  AhWEALED 


DELTA  K 
(KSl*IN««l/2} 


TI-SAL-2.  58N 


DA/DN  IN. /CYCLE) 


E-  R.  T. 
DRY  ARGON 


E-  R.  T. 
LAB  AIR 


E-  R.  T. 
DIST.  H20 


E=  R.  T. 

3.  57.  NACL 


DELTA  K  B 
MIN  C 
D 


DELTA  K  B 
MAX  C 
D 


17.  46 
16.  63 
16.  57 
16.  28 

3.  21 

7.  03 

7.  01 

13.  7 

20.  00 

5.  35 

11.  8 

12.  0 

24.  5 

25.  OO 

11.  7 

20.  2 

21.  3 

39.  2 

30.  00 

21.  2 

31.  1 

33.  4 

53.  7 

35.  00 

34.  7 

46.  5 

49.  2 

69.  3 

37.  87 

38.  10 
37.  79 
37.  84 

44.  6 

59.  5 

59  9 

79.  1 

ROOT  MEAN  SQUARE 
PERCENT  ERROR 


LIFE  0.  0-0.  5 
PREDICTION  0.  5-0.  8 
RATIO  0.8-1.25 

SUMMARY  1.25-2.0 
(NP/NA)  >2.  0 


4.7-18 


AK  (KSI  vTn)  AK  (KSI  >/rn) 


Figure  4.7. 3.4 


4.7-n 


TABLE  4. 7. 3.5 


MATERIAL:  TITANIUM 
CONDITION:  ANNEALED 

DELTA  K 
(K8I»IN««l/2> 


FATIGUE  CRACK  GROWTH  RATES  AT  DEFINED  LEVELS 
OF  STRESS  INTENSITY  FACTOR 

DATA  ASSOCIATED  WITH  FIGURE  4. 7. 3. 5  INDICATING  EFFECT 

OF  ENVIRONMENT 
TANIUM  TI-5AL-2.  98N 


OA/DN  IN.  /CYCLE) 


A 

B 

C 

D 

e-  R.  T. 

E-  R.  T. 

E»  R.  T. 

E-  R. 

DRY  ARGON 

LAB  AIR 

DI8T.  H20 

3.  9X  Hi 

A: 

18.  62 

3.  96 

DELTA 

K 

B: 

19.  82 

11.  9 

MIN 

C: 

18.  18 

9.  49 

D: 

21.  92 

39.  6 

20.  00 

9.  38 

11.  9 

12.  9 

25.  00 

12.  4 

23.  1 

23.  6 

49.  4 

30.  00 

22.  2 

37.  4 

38.  6 

68.  1 

39.  00 

39.  9 

99.  1 

97.  2 

87.  1 

40.00 

93.  9 

77.  2 

79.  0 

109. 

90.  00 

114. 

141. 

130. 

176. 

A: 

93.  29 

149. 

DELTA 

K 

B: 

93.  22 

169. 

MAX 

C: 

93.  08 

148. 

D: 

93.  13 

207 

ROOT  MEAN 

SOUARE 

9.  40 

4.  92 

9.  31 

16.  48 

PERCENT  ERROR 


LIFE  0.  0-0.  9 
PREDICTim  O.  9-0.  8 
RATIO  0.8-1.29 

SUMMARY  1.  29-2.  O 
<NP/NA>  >2.  0 


4.7-20 


CONDITION/HT:  ANNEALED 
FORM:  0,B8'*TH  SHEET 

SPECIMEN  TYPE:  CCP 
ORIENTATION  T-L 
STRESS  RATIO:  •►0.  10 
'V  FREQUENCY:  30.00  HZ 


(MPA  ^/m) 

4  10  40  100 


R.  f.  . 


4  10  40  100 


R.t. . 


YIELD  STRENGTH:  125.  4  KSI 
ULT.  STRENGTH:  133.8-  135.2  KSI 
SPECIMEN  THK:  0.083-  0.065*' 

SPECIMEN  WIDTH:  2.753-  2.757" 

REFERENCES;8e811 


AK  (MPA  Vm) 
4  10  4( 


4  10  40 

AK  (KSI  \/To).  • 


ENVIRONMENT:  R. 
LAB  AIR 


4  10  4 


4  10  * 

AK  (KSI  s/ln) 


Figure  4. 7. 3. 5 
4.7-21 


TITAN. 

ALLOY 


TI-5AL- 

2.5SN 


TABLE  4. 7. 3. 6 


FATIGUE  CRACK  GROWTH  RATES  AT  DEFINED  LEVELS 
OF  STRESS  INTENSITY  FACTOR 


DATA  ASSOCIATED  WITH  FIGURE  4. 7. 3.6  INDICATING  EFFECT 


OF  ENVIRONHENT 


MATERIAL:  TITANIUM 
CONDITION:  ANNEALED 


TI-3AL-2.  SSN 


DELTA  K 

DA/DN  (10**-6 

IN.  /CYCLE) 

(K8I*IN**l/2> 

A 

B 

C 

D 

E-  R.  T. 

E-  R.  T. 

E-  R.  T. 

E-  R.  T. 

DRY  ARGON 

LAB  AIR 

DIST.  H20 

3.  5%  NACL 

A 

9.  83 

.  0930 

DELTA  K  B 

3.  A9 

.  0501 

MIN  C 

4.  28 

.  237 

D 

4.  23 

.  209 

4.  00 

.  0662 

9.  00 

.  198 

.  363 

.  981 

A.  00 

.  0909 

.  347 

.  698 

3.  37 

7.  00 

.  109 

.  689 

1.  13 

6.  92 

8.  00 

.  164 

1.  23 

1.  81 

10.  9 

9,  00 

.  289 

2.  02 

2.  68 

13.  1 

10.  00 

.  497 

3.  08 

3.  72 

14.  6 

13.  00 

1.  86 

7.  57 

A 

13.  02 

1.  87 

DELTA  K  B 

13.  07 

7.  68 

MAX  C 

12.  74 

6.  71 

D 

10.  00 

14.  6 

ROOT  MEAN  SQUARE 

16.  96 

11.  13 

7.  18 

37.  84 

PERCENT  ERROR 

LIFE  0.  0-0.  S 
PREDICTION  0.  9-0.  8 
RATIO  0.8-1.29 

SUMMARY  1.29-2.0 
(NP/NA)  >2.  0 


4.7-22 


CONDITION/HT:  ANNEALED 
FORM:  0,  08"TH  SHEET 

SPECIMEN  TYPE:  CCP 
ORIENTATION  T-L 
STRESS  RATIO:  ■►0.  87 
FREQUENCY:  54.  20-  58.  30  HZ 


YIELD  STRENGTH:  125.  4  KSI 
ULT.  STRENGTH:  133.  9-  135.  2  KSI 
SPECIMEN  THK:  0.083-  0.085" 

SPECIMEN  WIDTH:  2.  753-  2.  757" 

REFERENCES:88911 


TITAN. 

ALLOY 


TI-5AL- 
2.  5SN 


AK  (MPA 

4  10  40  100 


4  10  40  100 


R.  T. . 


4  10  40 

AK  (KSI  -s/m) 


AK  (MPA  v/m) 
4  10  4< 

■J—rjTjrm - 

ENVIRONMENT:  R.  T 
LAB  AIR 


4  10  ^ 


4  10  ^ 

AK  (KSI  v^) 


,0-i 


10'^  « 


10'^  ® 


,0-1 

10’^  ^ 
■o 


Figure  4 . 7. 3 . 6 


4.7-23 


i-ATlCUC  CRACK  GROWTH  RATE  AT  DCFINCO  LEVELS  OF  THE  STRESS*  INTCNSl  TV  FACTOR 


TABLE  4. 8. 3.1 

FATIGUE  CRACK  GROWTH  RATES  AT  DEFINED  LEVELS 
OF  STRESS  INTENSITY  FACTOR 

DATA  ASSOCIATED  WITH  FIGURE  4. 8. 3.1  INDICATING  EFFECT 


OF  ENVIRONMENT 


MATERIAL:  TITANIUM 
CONDITION:  ST 


TIASS2S 


DELT/ 

\  K 

DA/DN  (10*«-6 

IN.  /CYCLE) 

(KSI»1N»*1/S) 

A 

B 

C 

D 

E-  R.  T. 

E-  R.  T. 

E»  R.  T. 

E«  R.  T. 

H.  H.  A. 

H.  H.  A. 

3.  5%  NACL 

3.  5%  NACL 

IHZ 

20HZ 

IHZ 

20HZ 

A 

8.  23 

1.  20 

DELTA  K  B 

5.  05 

.  076 

MIN  C 

6.  77 

.  584 

D 

3.  89 

.  048 

4.  00 

.  0691 

5.  00 

.  319 

6.  00 

.  186 

.  742 

7.  00 

.  378 

.  630 

1.  39 

8.  00 

.  659 

.  915 

2.  27 

9.  00 

1.  67 

1.  03 

1.  38 

3.  37 

10.  00 

2.  38 

1.  50 

2.  10 

4.  70 

13.  00 

4.  98 

3.  45 

6.  80 

10.  0 

16.  00 

8.  12 

6.  12 

18.  0 

17.  6 

20.  00 

13.  3 

10.  7 

47.  6 

30.  7 

25.  00 

22.  3 

18.  2 

no. 

50.  9 

30.  00 

36.  4 

27.  7 

194. 

73.  5 

35.  00 

59.  0 

39.  8 

291. 

96.  6 

40.  00 

96.  4 

55.  1 

390. 

119. 

50.  00 

271. 

98.  4 

561. 

60.  00 

834. 

673. 

70.  00 

2775. 

A 

71.  40 

3301. 

DELTA  K  B 

56.  48 

139. 

MAX  C 

63.  48 

697. 

0 

49.  43 

155. 

ROOT  MEAN  SQUARE 

a.  80 

8.  83 

22.  49 

11.  12 

PERCENT  ERROR 

LIFE  0.  0-0.  5 

PREDICTION 

0.  5-0.  8 

RATIO 

0.  8-1.  25 

1 

1 

SUMMARY 

1.  25-2.  0 

(NP/NA) 

>2.  0 

1 

CO 

..'i,  M>- » 't  '  -jj.k-J 


CONDITION/HT:  ST 
FORM:  0.  e3"TH  PLATE 

SPECIMEN  TYPE:  CT 
ORIENTATION  L-T 
STRESS  RATIO:  -^0.  10 
FREQUENCY. 


AK  (MPA  \/m) 

4  10  40  100 

I'M  I'TT — r:''!  'I'i'i 

ENVIRONMENT:  R.  T.  , 

H.  H.  A. 

I  HZ 


YIELD  STRENGTH:  157.  0  KSl 
ULT.  STRENGTH: 

SPECIMEN  THK:  0.  151-  0.  152" 

SPECIMEN  WIDTH:  3.  000" 
REFERENCES:86e44 


AK  (MPA  Vm) 
4  10  41 


4  10  40  100 

rvv\ — 1„' j'i'i'i . 

(ONMENT:  R*  T.  . 


IHZ 


10° 

vs/ 

10' 

10  ’ 

10' 

10  ^ 

10 ' 

10^ 

10 

10^ 

10* 

10* 

10 

10'* 

10' 

4  10  40  100 

AK  (KSl  >/m) 


ENVIRONMENT:  R. 

H.  H.  A. 

20HZ 


10° 

vs/ 

10' 

10  ’ 

10^ 

10 

10^ 

i0‘ 

10'^ 

10 

10* 

lo' 

10 

10° 

10’* 

1  4  10  40 

I  b  I  'Ti'i'i — rrrri 

■2  -  20HZ 


4  10  ' 

AK  (KSl  >/m) 


TITAN. 

ALLOY 

] 

Figure  4.8. 3.1 


da/dN  (mm/cycle)  da/dN  (mm/cycle) 


TABLE  4.8.  J. 2 


FATIOUE  CRACK  GROWTH  RATES  AT  DEFINED  LEVELS 
OF  STRESS  INTENSITY  FACTOR 

DATA  ASSOCIATED  WITH  FIGURE  4.8. 3.2  INDICATING  EFFECT 


OF  ENVIRONMENT 


MATERIAL: 

TITANIUM 

TI62222 

CONDITION: 

8TA 

—  — — — 

DELTA 

K 

DA/DN  <10*«-6 

IN.  /CYCLE) 

(K8I*IN**l/2) 

A 

B 

C 

D 

E«  R.  T. 

E-  R.  T. 

E-  R.  T. 

E-  R.  T. 

H.  H.  A. 

H.  H.  A. 

3.  SX  NACL 

3.  5X  NACL 

IHZ 

20HZ 

IHZ 

20HZ 

A: 

7.  18 

.  54 

DELTA  K  B: 

4.  13 

.  06 

MIN  C: 

16.  00 

35.  9 

D: 

3.  64 

.  06 

4.  00 

.  125 

5.  00 

-  164 

.  471 

6.  00 

.  369 

1.  13 

7.  00 

.  686 

2.  09 

8.  00 

.  811 

1.  12 

3.  27 

9.  00 

1.  26 

1.  69 

4.  57 

10.  00 

1.  87 

2.  37 

5.  90 

13.  00 

4.  73 

5.  02 

9.  60 

16.  00 

9.  07 

8.  36 

35.  9 

12.  5 

20.  00 

17.  3 

13.  5 

77.  4 

15.  2 

25.  00 

32.  7 

20.  3 

30.  00 

56.  9 

27.  1 

35.  00 

95.  6 

33.  8 

40.  00 

158. 

40.  2 

50.  00 

423. 

60.  00 

1195. 

A: 

64.  83 

2030. 

delta  K  B: 

41.  87 

42.  5 

MAX  C: 

20.  37 

78.  9 

D: 

20.  05 

15.  2 

ROOT  MEAN  SQUARE 
PERCENT  ERROR 

7.  39 

e.  43 

14.  68 

20.  21 

LIFE  O.  0-0,  3 

PREDICTION  0.  5-0.  8 

RATIO  0.8-1.25  1  1  1 

SUMMARY  1 .  25-2.  0 
(NP/NA)  >2.0 


X 


CONDITION/HT:  STA 
FORM:  0.89"TH  PLATE 

SPECIMEN  TYPE:  CT 
ORIENTATION  L-T 
^  v  STRESS  RATIO:  10 

FREQUENCY: 


YIELD  STRENGTH:  157.  0  KSI 
ULT.  STRENGTH: 

SPECIMEN  THK:  0.  143-  0.  147" 

SPECIMEN  WIDTH:  3.  000" 
REFERENCES;8ee44 


Figure  4. 8. 3. 2 


:jt  ^nuTH  RATE  AT  DEEINED  LEVELS  OF  THE  STRESS- INTENSITY  FACTOR 


4.9-2 


TABLE  4. 9. 3.1 


FATIGUE  CRACK  GROWTH  RATEB  AT  DEFINED  LEVELS 
OF  STRESS  INTENSITY  FACTOR 

DATA  ASSOCIATED  WITH  FIGURE  4.9. 3.1  INDICATING  EFFECT 


OF  STRESS  RATIO 


MATERIAL:  TITANIUM  TI-A-2-4-2 

CONDITION:  1790F  IHR  AC.  HOOF  8HRS  AC 
ENVIROfffCNT:  R.  T.  .LAB  AIR 


DELTA  K 
(KSI*IN<HH/2) 


DA/DN  (IOhm*-A  in. /CYCLE) 

A  B  C  D 


R-K).  10  R— K).  SO 


A 

11.  61 

1.  81 

delta 

K 

B 

7.  OS 

.  S2 

niN 

C 

d 

8.  00 

.  919 

9.  00 

1.  SO 

10.  00 

2.  27 

13.  00 

2.  52 

S.  70 

16.  00 

4.  82 

10.  S 

20.  00 

10.  3 

A 

24.  68 

22.  0 

delta 

K 

3 

19.  S2 

17.  1 

MAX  C 
□ 


ROOT  MEAN  SQUARE  7.  62  9.  78 

PERCENT  ERROR 


LIFE  0.  0-0.  S 
PREDICTION  0.  S-0.  8 
RATIO  0.0-1.23 

SUMMARY  1.  28-2.  0 
(NP/NA>  >2.  0 


4.9-4 


CONDITION/HT:  1790F  IHR  AC.  1100F  BHRS  AC 

FORM:  2.  00" TH  FORGING  YIELD  STRENGTH:  130.  4  KS I 

SPECIMEN  TYPE:  CCP  ULT.  STRENGTH:  151.6  KSI 

ORIENTATION:  C-R  SPECIMEN  THK:  0.  079" 

FREQUENCY:  0.  16  HZ  SPECIMEN  WIDTH:  1.750" 

ENVIRONMENT;  R.  T. .  LAB  AIR  REFERENCES:PW002 


AK  (MPA  Vm) 

4  10  40  100 


4  10  40  100 

I  ■'  I  '  IM'I - r  '  I  M'l'l 

STRESS  RATIO  = 


4  10  40  100 

AK  (KSI  \An) 


AK  (MPA  v7n) 

4  10  40  100 

!  '  1  '  I'lM - 1  '  I  'T 

STRESS  RATIO  =  50 


10° 

10’ 

10' 

10'* 

10' 

10'^ 

io' 

10'^ 

10' 

10* 

10* 

10® 

10' 

10 

1  4  10  40 

=  I  '  I  M'l'l — r-r-p 

”  STRESS  RATIO  = 


4  10  40 

AK  (KSI  \/Tn) 


TITAN. 

ALLOY 


TI-6-2- 

4-2 


Figure  4 . 9. 3. 1 


TABLE  4. 9. 3. 2 


FATieUE  CRACK  OROUTH  RATES  AT  DEFINED  LEVELS 
OF  STRESS  INTENSITY  FACTOR 

DATA  ASSOCIATED  WITH  FIGURE  4.9. 3. 2  INDICATING  EFFECT 


OF  STRESS  RATIO 


MATERIAL:  TITANIUM 

TI-6-2-4-2 

CONDITION:  1790F  IHR  AC.  HOOF  SHRS  AC 

ENVIRONMENT:  600F.  AIR 

DELTA  K 

DA/DN  <10««-6  IN.  /CYCLE) 

(KSI«INMi/2) 

A  B  C  D 

R-K).  70 

A:  9.  IS 

1.  36 

DELTA  K  B: 

MIN  C: 

0: 

6.  00 

2.  04 

7.  00 

2.  71 

a.  00 

3.  36 

9,  00 

4.  16 

10.  00 

9.  39 

IS.  00 

19.  9 

A:  13.  08 

16.  0 

delta  K  B: 

MAX  C: 

D: 

ROOT  MEAN  SQUARE 

19.  01 

PERCENT  ERROR 

LIFE  0.  0-0.  S 
PREDICTION  0.  S-0.  8 
RATIO  0.8-1.29 

SUNHARY  1.29-2.0 
(NP/NA>  >2.  0 


4.0-6 


CONDITION/HT:  1790F  IHR  AC.  1100F  0HRS  AC 

FORM;  2.  00''TH  FORGING  YIELD  STRENG  i  H:  135.  5-  140.  S  KSl 

SPECIMEN  TYPE:  CCP  ULT.  STRENGTH:  148.5-  152.3  KSI 

ORIENTATION:  C-R  SPECIMEN  THK:  0.000-  0.001" 

FREQUENCY;  0.  16  HZ  SPECIMEN  WIDTH;  1.  750" 

-  ENVIRONMENT;  ♦  000*  F.  AIR  REFERENCES:PW002 


TITAN. 

ALLOY 


AK  (MPA  -y/m) 


AK  (MPA  v/m) 

4  10  40  100 


-2 


10 


10' 


10'^ 


10 


-5 


10 


.-6 


.-7 


10 


10 


10 


-Ml  ''iTn — 1  '  nFm 
”  STRESS  RATIO  =  r 

— 

— 

- 

— 

— 

— 

_ 1 _ I  1  1  lili 

1  ■  1  ■  lili- 

— 

TI-6-2- 

4-2 


10’ 


10' 


10 


—^10“ 


_^10  = 


10 


40  100 


>•3 


10 


10 


10' 


10 


10 


10 


-  1  '  ni'Pi — 1  '  1  M'l'i 

~  STRESS  RATIO  =  ~E. 

— 

- 

— 

— 

— 

— 

— 

I— hli, 

HU 

10" 


10' 


10’ 


10' 


-3 


10 


10'" 


10' 


10' 


4  10  40  100 

AK  (KSI  y/m) 


Figure  4.9. 3. 2 


da/dN  (mm/cycle)  da/dN  (mm/cycie) 


CONDITION/HT:  1790F  IHR  AC.  1100F  BHRS  AC  TITAN. 

FORM:  2.  00"TH  FORGING  YIELD  STRENGTH;  139.  4  KSI  ALLOY 

SPECIMEN  TYPE:  CCP  ULT.  STRENGTH:  151.6  KSI  _ 

ORIENTATION;  C-R  SPECIMEN  THK:  0.074"  _ 

FREQUENCY:  0.  16  HZ  SPECIMEN  WIDTH:  1.750"  TI-6-2 

,  ENVIRONMENT:  -ibbb"  f,  AIR  REFERENCESPW002 


/dN  (mm/cycle) 


TABLE  4. 9. 3. 4 


FATIOUE  CRACK  GROWTH  RATES  AT  DEFINED  LEVELS 
OF  STRESS  INTENSITY  FACTOR 

DATA  ASSOCIATED  WITH  FIGURE  4.9. 3.4  INDICATING  EFFECT 

OF  ENVIRONMENT 


MATERIAL:  TITANIUM  TI-6-2-4-2 

CONDITION;  I790F  IHR  AC.  HOOF  ^RS  AC 


DELTA  K 
(K8I«IN««iy2) 


DA/DN  (10*«-6  IN.  /CYCLE) 

A  B  C  D 


E««+  800F 

AIR 


E-+iOOOF 

AIR 


DELTA 

MIN 


DELTA  K 
MAX 


A 

B 

C 

0 


4.  95 

5.  44 


.  26 


.  70 


5. 

00 

.  270 

6. 

00 

.  378 

846 

7. 

00 

.  511 

1. 

12 

8. 

00 

.  682 

1. 

43 

9. 

00 

.  910 

1. 

80 

10. 

00 

1.  22 

2. 

24 

13. 

00 

2.  99 

4. 

34 

16. 

00 

6.  35 

8. 

64 

18. 

26 

9.  39 

18. 

45 

15. 

5 

ROOT  MEAN  SQUARE  5.  56  4.  40 

PERCENT  ERROR 


LIFE 

PREDICTION 

RATIO 

SUMMARY 

<NP/NA) 


O.  0-0.  5 
0.  5-0.  8 
0,  8-1.  25 
1 .  25-2.  0 
>2.  0 


CONDITION/HT:  17O0F  IHR  AC,  1 1B0F  8HRS  AC 

FORM:  2.  00"TH  FORGING  YIELD  STRENGTH:  130.  4-  140.9  KSI 

SPECIMEN  TYPE:  CCP  ULT.  STRENGTH:  151.6-  152.3  KSI 

ORIENTATION  C-R  SPECIMEN  THK:  0.  073-  0.  083" 

STRESS  RATIO:  ■►0.  10  SPECIMEN  WIDTH:  1. 750" 

FREQUENCY:  30.00  HZ  REFERENCES:PW002 


TITAN. 

ALLOY 


TI-6-2- 

4-2 


TABLE  4. 9. 3. 5 


FATIGUE  CRACK  ORQMTH  RATES  AT  DEFINED  LEVELS 
OF  STRESS  INTENSITY  FACTOR 

DATA  ASSOCIATED  WITH  FIGURE  1.9. 3.  f.  INDICATING  EFFECT 

OF  FREQUENCY 


MATERIAL:  TITANIUM  TI-A-2-4-2 

CONDITION;  1790F  IHR  ACi  HOOF  8HR8  AC 
ENVIRONMENT:  +  BOOF. AIR 


DELTA  K 

DA/DN  (10«»-6  IN.  /CYCLE) 

<K8I*IN<HH/2) 

A  B  C  D 

F(HZ)-2  MIN.  HOLD 

TRAPEZOIDAL  WAVEFORM 

A:  B.  97 

5.  44 

DELTA  K  B: 

MIN  C: 

D: 

9.  00 

3.  44 

10.  00 

3.  69 

13.  00 

7.  89 

16.  00 

12.  0 

20.  00 

20.  9 

A:  22. 81 

29.  3 

DELTA  K  B: 

MAX  C: 

D: 

ROOT  MEAN  SQUARE 

7.  30 

PERCENT  ERROR 

LIFE  0.  0-0.  S 
PREDICTION  0.  3-0.  8 
RATIO  O.  a-1.23 
SUMMARY  1.25-2.0 
(NP/NA)  >2.0 


4.9-12 


CONDITION/HT:  1780^  IHP  AC.  1100F  8HRS  AC 

FORM:  2.  00" TH  FORCING  YIELD  STRE^  GTH:  140.  9  KSI 

SPECIMEN  TYPE:  CCP  ULT.  STRENGTH:  152.3  KSI 

ORIENTATION:  C-R  SPECIMEN  THK:  0.082" 

STRESS  RATIO:  -^0.  50  SPECIMEN  WIDTH:  1.  750" 

•  ENVIRONMENT:  +  800"  F.  AIR  REFERENCES:PW002 


AK  (MPA  ^/m) 

4  10  40  100 

"r  ■"Tn’Ti — I  '  i-'P'nr 

FREQUENCY  «  2  MIN.  HOLD 


4  10  40  100 


4  10  40  100 

AK  (KSI  -s/Tn) 


AK  (MPA  Vm) 
4  10  4 


4  10 


4  10  i 

AK  (KSI 


Figure  4. 9. 3. 5 


4.9-13 


TITAN. 

ALLOY 


T 1-6-2- 
4-2 


da/dN  (mm/cycle) 


« i 

' « • 

*  < 

«*, 

JI4 

« 

■  j 
^  ■ 

s’ 

>’ 

V 


,s' 


K’’  •-’'  <•  O  -.'  s’ 


8 

a 

<  < 


U) 

Ul 


f5 


oc  o 
O  V 

z 

u 

4  O 
flC  tt 
U  U 


2 

S  ..  M 

ifl  ^ 
.<  ^ 


^5 


o 

w  z 
£- 


tft 

^  o 

iU  - 

c  ♦- 
►"  < 

(n  a 


ii 

a  u. 

a> 


y  ui 


o 


o 

o 


4 

o 


o 

o 


c 

o 


o 

g 

u 


u 

g 


«« 

o 


s? 

c 


o 

g 


o 

rti 


s 

g 

K>^ 

ii 

ii 

O 

z  o 

••  w 

z  u 

rw ) 
q: 


O 


o 

g 

u. 


^  i 

3  H 

U 

zi 


iZi  iS'i  iSi^  iZi 

vt  if  I  i/i  {fl  Vi  iff  V)  if>  u)(/Y(n 

?.8f  f.n  ?*.!  sii 

v.u«fc 

S^So  SXo  Olfio 

■«in—  <1  ft  ~  -o  ft  —  <jir  — 


4.10-2 


TABLE  4.10.3.1 


FATIGUE  CRACK  GROWTH  RATES  AT  DEFINED  LEVELS 
OF  STRESS  INTENSITY  FACTOR 

DATA  ASSOCIATED  WITH  FIGURE  4.10.3.1  INDICATING  EFFECT 


OF  STRESS  RATIO 

MATERIAL;  TITANIUM 

TI-6-2-4-6 

CONDITION; 

ENVIR0W1ENT;  R.  T. 

.LAB  AIR 

DELTA  K 

DA/DN  (10**-6 

IN.  /CYCLE) 

(KSI*lN*«l/2> 

A  B 

R--K).  10 

C 

A;  7.  20 

.  185 

DELTA  K  B; 

MIN 

D: 

S.  00 

.  291 

9.  00 

.  496 

10.  00 

.  819 

13.  00 

2.  65 

16.  00 

5.  25 

20.  00 

9.  70 

25.  00 

22.  0 

30.  00 

48.  0 

A:  33. 04 

61.  9 

DELTA  K  B; 

MAX  C; 

D: 

ROOT  MEAN  SGUARE  21.  73 

PERCENT  ERROR 


LIFE  0.  0-0.  5 
PREDICTION  0.  5-0.  8 
RATIO  0.9-1.25 


CONDITION/HT: 

FORM:  EXTRUSION 
SPECIMEN  TYPE:  CT 
ORIENTATION:  L-T 
FREQUENCY:  20.00  HZ 

ENVIRONMENT:  R.  T.  .  LAB  AIR 


AK  (MPA  Vm) 

4  10  40  100 


4  10  40  100 

T”n^rpi — I  ’  r  n»n 

STRESS  RATIO  = 


YIELD  strength  147.  2  KSI 
ULT.  STRENGTH;  159.  1  KSI 
SPECIMEN  THK:  0.300" 
SPECIMEN  WIDTH:  1.400" 
REFERENCES:UD001 


4  10  40  100 

AK  (KSI  \/m) 


10° 

<D 

10* 

10  ’ 

10° 

10-^ 

10^ 

10'^ 

10* 

10'^ 

10® 

10* 

io' 

10* 

10* 

10° 

® 

10* 

10’ 

10° 

10* 

10* 

10* 

10® 

10"^ 

10* 

10* 

10'^ 

10* 

10-* 

AK  (MPA  v/m) 
4  10  41 


4  10 

I  '  I'i'i'i  r 

STRESS  RATIO  » 


4  10  - 

AK  (KSI  >/Tn) 


Figure  4.10.3,1 
4.10-5 


TITAN. 

ALLOY 


TI-6-2 


TABLE 


4.10.3.2 


FATIOUE  CRACK  GROWTH  RATES  AT  DEFINED  LEVELS 
OF  STRESS  INTENSITY  FACTOR 

DATA  ASSOCIATED  WITH  FIGURE  4. 10.  3. 2  INDICATING  EFFECT 

OF  STRESS  RATIO 


MATERIAL:  TITANIUM  TI-6-2-4-& 

CONDITION: 

ENVIRONMENT:  •••  800F.  AIR 


DELTA  K 

DA/DN  (10**-6 

IN. /CYCLE) 

<KSI«IN«*l/2> 

A 

B 

C 

D 

R-+0.  10 

R-+0.  30 

R=»+0.  90 

R«+0.  70 

A 

8.  87 

1.  05 

DELTA  K  B 

9.  92 

.  694 

MIN  C 

9.  94 

.  861 

D 

4.  89 

.  815 

9.  00 

.  819 

6.  00 

.  747 

.  977 

.  976 

7.  00 

.  984 

1.  31 

1.  31 

8.  00 

1.  28 

1.  77 

1.  83 

9,00 

1.  14 

1.  65 

2.  37 

2.  53 

10.  00 

1.  69 

2.  09 

3.  11 

3.  42 

13.  00 

3.  27 

3.  96 

6.  30 

6.  81 

16.  00 

9.  69 

6.  77 

10.  8 

20.  00 

10.  1 

12.  3 

29.  00 

17.  1 

22.  5 

30.  00 

24.  7 

36.  9 

39.  00 

99.  4 

A 

33.  38 

29.  7 

DELTA  K  B 

39.  34 

96.  8 

MAX  C 

19.  33 

16.  9 

D 

13.  67 

7.  99 

ROOT  MEAN  SQUARE  10.  91  7.  69  4.  42 

PERCENT  ERROR 

LIFE  0.  0-0.  9 
PREDICTION  0.  9-0.  8 
RATIO  0.8-1.29 

SUMMARY  1.  29-2.  0 
<NP/NA)  >2.  0 


CONDITION/HT; 

FORM:  EXTRUSION 
SPECIMEN  TYPE:  CT 
ORIENTATION:  L-T 
FREQUENCY:  20.  00  HZ 

ENVIRONMENT:  +  800®  F.  AIR 


YIELD  STRENGTH:  147.2  KS I 
ULT.  STRENGTH:  159.  1  KSI 
SPECIMEN  THK:  0.  300" 
SPECIMEN  WIDTH:  1.400" 
REFERENCESUD001 


AK  (MPA  v/rn) 

4  10  40  100 

I  'PM  I'M - r-r-l-rrrpT- 

STRESS  RATIO  =  +0.  10 


AK  (MPA  v/m) 

4  10  40 


4 _ 10  40  100 


4  10  40  100 

AK  (KSI  \/7n) 


4  10  40 


STRESS  RATIO  =  •.-0.  70 


10  40 

AK  (KSI  ■»/m) 


Figure  4.10.3.2 


4.10-7 


TABLE  4.10.3.3 


FATIGUE  CRACK  GROWTH  RATES  AT  DEFINED  LEVELS 
OF  STRESS  INTENSITY  FACTOR 

DATA  ASSOCIATED  WITH  FIGURE  4 . 10. 3 .  3  INDICATING  EFFECT 

OF  ENVIRONMENT 


MATERIAL:  TITANIUM  TI-A-2-4-& 

CONDITION;  1690F  2HRS  AC.  1950F  2HRS  00.  HOOF  8HR8 
AC 


DELTA  K 
(K3I«ZN«*l/2) 


A 

800F 


DA/DN  (10**-A  IN.  /CYCLE) 
B  C 


DELTA  K  B 
MIN  C 
D 


5.  05 

.  43 

4.  00 

,  987 

7.  00 

.  816 

8.  00 

1.  12 

9.  OO 

1.  92 

10.  00 

2.  03 

13.  00 

4.  36 

14.  76 

6.  43 

DELTA  K  B; 


ROOT  MEAN  SQUARE 
PERCENT  ERROR 


LIFE 
PREDICTION 
RATIO 
SUMMARY 
(NP/NA) 


O.  0-0.  9 
0.  9-0.  B 
0.  8-1.  29 
1.  29-2.  0 
>2.  0 


4.10-8 


CONDITION/HT  16O0F  2HRS  AC,  1S50F  2HRS  00.  1100F  8HRS  AC 
FORM;  l.e0"TH  FORGING  YIELD  STRENGTH;  185.  5  KSI 

SPECIMEN  TYPE;  CCP  ULT  STRENGTH;  100.  8  KSI 

ORIENTATION  C-R  SPECIMEN  THK:  0.  077*’ 

STRESS  RATIO;  ■*•0. 08  SPECIMEN  WIDTH;  1.  7S0" 

FREQUENCY;  30.  00  HZ  REFERENCES:PW002 


TITAN. 

ALLOY 


T 1-6-2- 
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Figure  4.10.3.3 
4.10-9 


TABLE  4.10.3.4 


FATIGUE  CRACK  GROWTH  RATES  AT  DEFINED  LEVELS 
OF  STRESS  INTENSITY  FACTOR 

DATA  ASSOCIATED  WITH  FIGURE  4 . lo.  3. 4  INDICATING  EFFECT 

OF  ENVIRONHENT 


MATERIAL:  TITANIUM  TI-6-2-4-6 

CONDITION:  1690F  2HRS  AC,  1990F  2HRS  OQ.  HOOF  8HRS  AC 


DELTA  K 

DA/DN  (10«*-6  IN.  /CYCLE) 

(KSI«IN*«l/2) 

A  B  C  D 

E«+  600F 

AIR 

A 

13.  89 

4.  87 

DELTA  K  B 
MIN  C 

D 

16.  00 

7.  10 

20.  00 

12.  0 

29.  00 

19.  6 

30.  OO 

29.  6 

39.  00 

43.  1 

40.  00 

61.  6 

A 

47.  39 

103. 

DELTA  K  B 
MAX  C 

D 

ROOT  MEAN 

SQUARE 

8.  21 

PERCENT  ERROR 

LIFE  O.  0-0.  9 
PREDICTION  O.  9-0.  8 
RATIO  0.8-1.25 

SUMMARY  1 .  29-2.  0 
(NP/NA>  >2.  0 


I 


4.10-10 


I 


CONDITION/HT:  1690F  2HRS  AC,  1550F  2HRS  OQ,  HOOF  8HRS  AC 
FORM:  1.80"TH  FORGING  YIELD  STRENGTH:  IBS.  5  KSl 

SPECIMEN  TYPE:  CCP  ULT.  STRENGTH:  100.8  KSI 

ORIENTATION  C-R  SPECIMEN  THK:  0.074" 

STRESS  RATIO:  +0.50  SPECIMEN  WIDTH:  1.750" 

FREQUENCY:  2  MIN.  HOLDTIME  REFERENCES:PW002 

TRAPEZOIDAL  WAVEFORM 
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Figure  4.10. 3.4 
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TABLE  4.10.3.5 


FATIGUE  CRACK  GROWTH  RATES  AT  DEFINED  LEVELS 
OF  STRESS  INTENSITY  FACTOR 

DATA  ASSOCIATED  WITH  FIGURE  4.10.3.5  INDICATING  EFFECT 

OF  ENVIRONMENT 


MATERIAL:  TITANIUM  TI-6-2-4-A 

CONDITION:  1690F  2htf?S  AC,  1950F  2HRS  QQ,  HOOF  8HRS 
AC 


DELTA  K 
(K8I»IN««i/2) 


DA/DN  <10*«-6  IN.  /CYCLE) 


A 


B 


C 


D 


E-^  BOOF 

AIR 


A 

4.  73 

2.  46 

DELTA  K  B 

MIN  C 

0 

9.  00 

2.  48 

6.  00 

2.  81 

7.  00 

3.  43 

8.  00 

4.  31 

9.  00 

9.  40 

10.  00 

6.  71 

13.  00 

11.  6 

A 

14.  43 

14.  3 

DELTA  K  B 
MAX  C 
D 


ROOT  MEAN  SQUARE  9.  34 

PERCENT  ERROR 


LIFE  0.  0-0.  9 
PREDICTION  0.  9-0.  8 
RATIO  0.8-1.29 

SUMMARY  1.29-2.0 
(NP/NA>  >2.  0 


4.10-12 


*-  J* 


CONDITION/HT  18O0F  2HRS  AC.  1550F  2HRS  OQ,  1100F  8HRS  AC 
FORM:  1.  80 "TH  FORGING  YIELD  STRENGTH:  165.  5  KSI 

SPECIMEN  TYPE:  CCP  ULT.  STRENGTH:  180.  8  KSI 

ORIENTATION  C-R  SPECIMEN  THK:  0.083" 

STRESS  RATIO:  -^0.  70  SPECIMEN  WIDTH:  1.  750" 

FREQUENCY:  0.  16  HZ  REFERENCES:PW002 
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Figure  4.10.3.5 


da/dN  (mm/cycle)  da/dN  (mm/cycle) 


TABLE  4.10.3.6 


FATIGUE  CRACK  ORQUTH  RATES  AT  DEFINED  LEVELS 
OF  STRESS  INTENSITY  FACTOR 

DATA  ASSOCIATED  WITH  FIGURE  4 .  lO.  3. 6  INDICATING  EFFECT 


OF  ENVIRONMENT 


MATERIAL; 

CONDITION; 

TITANIUM  TI-6- 

1690F  2HRS  AC.  i9S0F 
AC 

-2-4-6 

2HRS  OQ.  HOOF 

8HRS 

DELTA  K 

DA/DN  tlO«« 

-6  IN.  /CYCLE) 

<K8I«IN«*l/2) 

A 

B 

C 

D 

E«  R.  T. 

E-+  600F 

Ea-^  800F 

LAB  AIR 

AIR 

AIR 

A 

4.  87 

.  09 

DELTA  K  B 

a.  23 

.  71 

MIN  C 

a.  Si 

1.  09 

0 

5.  00 

.  109 

6.  00 

.  189 

7.  00 

.  314 

8.  00 

.  496 

9.  00 

.  718 

.  991 

1.  36 

10.  00 

.  985 

1.  41 

1.  87 

13.  00 

2.  44 

3.  20 

3.  49 

16.  00 

6.  41 

7.  28 

A 

14.  06 

5.  88 

DELTA  K  B 

17.  43 

8.  91 

MAX  C 

17.  28 

11.  0 

D 

ROOT  MEAN 

SQUARE 

Ch 

3.  99 

6.  28 

PERCENT  ERROR 

LIFE 

PREDICTION 

RATIO 

SUMMARY 

<NP/NA) 


0.  0-0.  S 
0.  5-0.  8 
O.  8-1.  29 
1.  29-2.  0 
>2.  0 


CONDITION/HT  1B90F  2HRS  AC,  1550F  2HRS  OQ,  1100F  8HRS  AC 
FORM:  2.  e0"TH  FORGING  YIELD  STRENGTH:  186.  0  KSi 

SPECIMEN  TYPE  CCP  ULT.  STRENGTH:  162.3  KSI 

ORIENTATION  C-R  SPECIMEN  THK:  0.070-  0.082" 

STRESS  RATIO:  -0.  10  SPECIMEN  WIDTH:  1.  750" 

FREQUENCY:  30.  00  HZ  REFERENCES:PW002 
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Fioure  4.10.3.6 
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TABLE  4.10.3.7 


FATIGUE  CRACK  GROWTH  RATES  AT  DEFINED  LEVELS 
OF  STRESS  INTENSITY  FACTOR 

DATA  ASSOCIATED  WITH  FIGURE  4.10.3.7  INDICATING  EFFECT 


OF  ENVIRONHENT 


MATERIAL:  TITANIUM  TI-A- 

CONDITION:  1690F  2HR8  AC,  1990F 
AG 

2-4-6 

2HR8  00.  HOOF  8HRS 

DELTA  K 

DA/DN  <10**-6  IN. /CYCLE) 

(K81»IN««l/2) 

A 

BCD 

E->  600F 

E-+  800F 

AIR 

AIR 

A:  10.  ^0 

1.  71 

DELTA  K  B:  13.  03 

4.  20 

MIN  C: 

0: 

13.  00 

2.  98 

16.  OO 

4.  96 

6.  96 

20.  OO 

9.  04 

11.  9 

29.  00 

17.  6 

18.  9 

30.  00 

28.  0 

29.  3 

39.  00 

44.  4 

A:  32.  92 

33.  1 

DELTA  KB:  39.  00 

61.  4 

MAX  C: 

D: 

ROOT  MEAN  8GUARE 

12.  22 

7.  08 

PERCENT  ERROR 

LIFE  0.  0-0.  9 
PREDICTION  0.  9-0.  8 
RATIO  0.8-1.29 

SUNHARY  1.29-2.0 
(NP/NA)  >2.  0 


4.10-17 


da/dN  (mm/cycle)  da/dN  (mm/cycle) 


TABLE  4.10.3.8 


FATIGUE  CRACK  GROWTH  RATES  AT  DEFINED  LEVELS 
OF  STRESS  INTENSITY  FACTOR 

DATA  ASSOCIATED  WITH  FIGURE  4. 10. 3.8  INDICATING  EFFECT 

OF  ENVIRONMENT 


MATERIAL:  TITANIUM  TI-6-2-4-6 

CONDITION:  1690F  2HR8  AC.  ISSOF  2HRS  OS.  HOOF  6HRS 
AC 


DELTA 

K 

DA/DN  (10««-6 

IN.  /CYCLE) 

(KSl*IN*«l/2) 

A 

B 

C 

600F 

£--<■  800F 

AIR 

AIR 

A: 

7.  as 

1.  35 

DELTA  K  B: 

8.  lA 

3.  26 

MIN  C: 

D: 

8.  00 

1.  51 

9.  00 

2.  80 

3.  82 

10.  00 

3.  80 

4.  67 

13.  00 

8.  96 

18.00 

18.  1 

A: 

12.  83 

7.  75 

DELTA  K  B: 
MAX  C: 

D: 

16.  58 

20.  9 

ROOT  MEAN 

SQUARE 

6.  25 

4.  12 

PERCENT  ERROR 

LIFE 

0.  0-0.  5 

PREDICTION 

0.  5-0.  8 

RATIO 

0.  8-1.  25 

SUMMARY 

1.  25-2.  0 

<NP/NA) 

>2.  0 

4.10-18 

I 


CONDITION/HT.  ISQBF  2HRS 
FORM:  2.  80’’TH  FORGING 

SPECIMEN  TYPE:  CCP 
ORIENTATION  C-R 
STRESS  RATIO:  •►B.  SB 
FREQUENCY:  B.  18  HZ 


AC.  1S5BF  2HRS  Oa  IIBBF  8HRS  AC 
YIELD  STRENGTH:  188.  B  KSI 
ULT.  STRENGTH:  182.  3  KSI 
SPECIMEN  THK:  B.  B8B-  B.  B81" 
SPECIMEN  WIDTH:  1.  75B" 
REFERENCES:PWBB2 
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Figure  4.10.3.8 

4.10-19 


TABLE  4.10.3.9 


FATIGUE  CRACK  GROWTH  RATES  AT  DEFINED  LEVELS 
OF  STRESS  INTENSITY  FACTOR 

DATA  ASSOCIATED  WITH  F10l«E  4 . 10.  3 .  9  INDICATING  EFFECT 

OP  ENVIRONMENT 


MATERIAL:  TITANIUM  TI-6-2-4-6 

CONDITION:  1A90F  2HR8  AC.  1990F  2HR8  OQ.  HOOF  8HR8 
AC 


DELTA  K 
<K8I«XN««l/2) 


DA/ON  (104HH-6  IN.  /CYCLE) 


A 


B 


C 


D 


E-  R.  T. 
LAB  AIR 
.  16HZ 


E-  R.  T. 

LAB  AIR 

999.  99HZ 


£•4-  600F 
AIR 
.  16HZ 


A 

3.  89 

.  31 

DELTA  K  B 

1.  S6 

.  00 

MIN  C 

4.  41 

.  79 

0 

2.  00 

.  0130 

2.  90 

.  0636 

3.  00 

.  121 

3.  90 

.  176 

4.  00 

.  317 

.  237 

9.  00 

.  924 

.  460 

1.  12 

6.  00 

1.  93 

1.  69 

7.  00 

4.  73 

2.  18 

8.  00 

12.  2 

2.  80 

9.  00 

3.  61 

10.  00 

4.  74 

13.  00 

12.  9 

A 

8.  99 

18.  9 

delta  k  b 

9.  84 

1.  48 

MAX  C 

14.  90 

22.  0 

D 

ROOT  MEAN 

SQUARE 

12.  94 

20.  47 

7.  74 

PERCENT  ERROR 


LIFE  0.  0-0.  9 
PREDICTION  0.  9-0.  8 
RATIO  0.8-1.29 

SUMMARY  1.29-2.0 
(NP/NA>  >2.  0 


4.10-20 


CONOITION/MT  16e0F  2HRS  AC.  1550F  2HRS  00.  li00F  8HRS  AC 
FORM:  2.  80’'TH  FORCING  YIELD  STRENGTH;  188.  0  KSI 

SPECIMEN  TYPE:  CCP  ULT.  STRENGTH:  182.  3  KSI 

ORIENTATION  C-R  SPECIMEN  THK:  0.070-  0.081" 

STRESS  RATIO:  -^0.  70  SPECIMEN  WIDTH;  1.750" 

FREQUENCY:  REFERENCES;PW002 
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TABLE  4.11.3.1 


FATIGUE  CRACK  OROUTH  RATES  AT  DEFINED  LEVELS 
OF  STRESS  INTENSITY  FACTOR 

DATA  ASSOCIATED  WITH  FIGURE 4. 11. 3. 1  INDICATING  EFFECT 


OF  ENVIRONMENT 


MATERIAL: 

CONDITION: 

TITANIUM 

TI-6AL-4V 

DELTA 

K 

DA/DN  (10««-6  IN. /CYCLE) 

(K8I»IN*«l/2} 

A  B  C  D 

E-  R.  T. 

LAB  AIR 

A: 

A.  09 

.  129 

DELTA  K  B: 
MIN  C: 
D: 

7.  00 

.  238 

8.  00 

.  340 

9.  00 

.  072 

10.  00 

1.  3A 

A: 

12.  31 

2.  80 

DELTA  K  B: 
MAX  C: 

D: 

ROOT  MEAN  SQUARE  12.  09 

PERCENT  ERROR 


LIFE  0.  0-0.  5 

PREDICTION  0.  S-0.  8 

RATIO  O.  8-1.2S 
SUMMARY  1.2S-2.  0 

(NP/NA>  >2.  0 


CONDITION/HT; 

FORM: 

SPECIMEN  TYPE: 
ORIENTATION 
STRESS  RATIO:  +0.  10 
FREQUENCY:  30.  00  HZ 


YIELD  STRENGTH: 

ULT.  STRENGTH: 

SPECIMEN  THK.  0.081" 
SPECIMEN  WIDTH:  2.  S00" 
REFERENCES:PW003 


AK  (MPA  v/m) 

4  10  40  100 

I  '  T n ni — I  'j'i'i'i 

ENVIRONMENT:  R.  T.  , 

LAB  AIR 


AK  (MPA  -v/m) 

4  10  4 


4  10  40  100 

r  •’•T  nnn — i  '  i  T'I'I" 

ENVIRONMENT: 


4  10  40  100 

AK  (KSI  v/Tn) 


10° 

® 

10  ’ 

10‘ 

10-^ 

10' 

10'^ 

lo' 

lO"* 

io" 

10'^ 

10* 

10° 

10‘ 

10° 

10'* 

(D 

10’ 

10' 

10'^ 

10' 

10'^ 

io‘ 

10'^ 

10’ 

10° 

10* 

10° 

10' 

10'' 

4  10 

I'M  I'I'I - 

ENVIRONMENT: 


4  10 

AK  (KSI  -v/m) 


Figure  4.11.3.1 
4.11-51 


TABLE  4.11.3.2 

PAT I CUE  CRACK  OROUTH  RATES  AT  DEFINED  LEVELS 
OF  STRESS  INTENSITY  FACTOR 

DATA  ASSOCIATED  WITH  FIOURE4.H.3.2  INDICATING  EFFECT 

OF  STRESS  RATIO 

MATERIAL;  TITANIUM  TI-6AL-4V 

CONDITION: 

ENVIRONMENT:  R.  T.  .  LAB  AIR 


DELTA  K 

DA/DN  <10*«-6 

IN.  /CYCLE) 

(KSI*IN*«l/2) 

A 

B 

C 

0 

R-+0.  10 

R—i-0.  30 

R=+0.  90 

R-+0.  70 

A:  11.07 

1.  31 

DELTA  K  B;  7.  27 

.  201 

MIN  C:  9.  18 

.  0883 

D;  3.  07 

.  033 

3.  90 

.  047 

00 

.  070 

.».  00 

.  192 

6.  00 

.  165 

.  300 

7.  00 

.  334 

.  944 

8.  00 

.  400 

.  696 

1.  04 

9.  00 

.  904 

1.  14 

10.  00 

1.  69 

1.  81 

13.  00 

2.  86 

4.  96 

9.  34 

16.  00 

9.  86 

8.  92 

12.  1 

20.  00 

10.  4 

17.  0 

29.  00 

17.  8 

30.  00 

31.  2 

39.  00 

98.  9 

40.  00 

121. 

A:  41.  03 

142. 

delta  K  B:  21.  70 

20.  4 

MAX  C:  18.  26 

18.  9 

ROOT  MEAN  SQUARE 
PERCENT  ERROR 


12.  93 


16.  74 


28.  71 


12.  96 


LIFE  0.  0-0.  9 

PREDICTION 

0.  9-0.  8 

RATIO 

0.  8-1.  29 

SUMMARY 

1.  25-2.  0 

<NP/NA> 

>2.  0 

4.)l-5 

TITAN. 

ALLOY 


TABLE  4.11.3.3 


¥ 


MATERIAL: 

CONDITION: 


FATIGUE  CRACK  GROWTH  RATES  AT  DEFINED  LEVELS 
OF  STRESS  INTENSITY  FACTOR 

DATA  ASSOCIATED  WITH  FIGURE  4.11.3. 3  INDICATING  EFFECT 

OF  ENVIRONMENT 
TITANIUM  TI-AAL-4V 


DELTA  K 
(K8I«INhh»i/2) 


DELTA  K  B 
MIN  C 


DELTA 

MAX 


A 
K  B 
C 
D 


8.  95 

a.  2A 


9.  00 
10.  00 
13.  OO 
16.  00 

17.  54 

18.  42 


E' 

LAB  AIR 


A 

R.  T. 

799 


.  849 
1.  13 
4.  02 
12.  1 

20.  1 


DA/DN  <10*»-6  IN. /CYCLE) 
B  C 

£•*  300F 

AIR 

.  885 


.  976 
1.  26 
3.  60 
9.  07 


19.  0 


ROOT  MEAN  SQUARE 
PERCENT  ERROR 


ll.  07 


23.  47 


LIFE 

0.  0-0.  9 

PREDICTION 

0.  9-0.  8 

RATIO 

0.8-1.  29 

SUMMARY 

1.  25-2.  0 

(NP/NA> 

>2.  0 

;<■ 

■:v; 

’-V. 

I 

•■v' 

yg 

>  ■ 
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^  4 
1^, 

CONDITION/HT: 

TITAN. 

i 

J 

1 

•M 

FORM: 

YIELD  STRENGTH: 

ALLOY 

SPECIMEN  TYPE:  CCP 

ULT.  STRENGTH: 

^  • 

ORIENTATION  C-R 

SPECIMEN  THK:  0.207-  0.301" 

« 

>• 

STRESS  RATIO:  -1.  00 

SPECIMEN  WIDTH:  2.  500" 

TI-8AL- 

^  FREQUENCY.  0.  16  HZ 

REFERENCES:PW003 

4V 

'< 

4’ 

AK  (MPA  v^) 

4  10  40  100 


TOW""’ 


T:  R.  t. . 


I® 


4  10  40  100 

I"  ■  I '  I'lM — r  ■'■  rrpr 

ENVIRONMENT: 


4  10  40  100 

AK  (KSI  V^) 


10“ 

® 

10^ 

10’ 

10-" 

10'^ 

io‘ 

10'^ 

10'^ 

10'^ 

10* 

10* 

10'^ 

10* 

10*® 

10“ 

® 

10'^ 

10’ 

lo’ 

10'^ 

io‘ 

10'^ 

10* 

10'^ 

10* 

10* 

10^ 

10® 

10* 

AK  (MPA  v^) 

4  10  40  100 

•NVIf^ONM^NT;  i 
AIR 


4  10  40 

T  '  rnn — r~n^ 

ENVIRONMENT: 


4  10  40 

AK  (KSI  >An) 


Figure  4.11.3.3 
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TABLE  4.11.3.4 


MATERIAL:  TITANIUM 
CONOITXON: 


FATIGUE  CRACK  GROWTH  RATES  AT  DEFINED  LEVELS 
OF  STRESS  INTENSITY  FACTOR 

DATA  ASSOCIATED  WITH  FIGURE  4.11.3.4  INDICATING  EFFECT 

OF  ENVIRONMENT 


TANIUM  TI>6AL-4V 


DELTA 

K 

OA/DN  (10**-6 

IN.  /CYCLE) 

(K8I*IN»*l/2) 

A 

B 

C 

E-  R.  T. 

£•+  300F 

LAB  AIR 

AIR 

A: 

8.  19 

.  424 

DELTA 

K 

B: 

8.  12 

.  208 

MIN 

C: 

D: 

9.  00 

.  693 

.  493 

10.  00 

1.  14 

.  971 

13.  OO 

3.  68 

2.  93 

16.  00 

11.  3 

6.  42 

A: 

16.  97 

14.  2 

DELTA 

K 

B: 

18.  48 

13.  6 

ROOT  MEAN  SQUARE 
PERCENT  ERROR 


17.  73 


27.  96 


SSiSiS 


CONDITION/HT: 

FORM; 

SPECIMEN  TYPE:  CCP 
ORIENTATION  C-R 
STRESS  RATIO:  -0.  50 
FREQUENCY:  0.  16  HZ 


YIELD  STRENGTH: 

ULT.  STRENGTH: 

SPECIMEN  THK:  0.301-  0.302' 

SPECIMEN  WIDTH;  2.  500“ 
REFERENCES:PW003 


TITAN. 

ALLOY 


TI-6AL- 

4V 


AK  (MPA  \/m) 


R.  T.  , 


4 _ 10  40  100 


-JIO' 


4  10  40  100 

AK  (KSI  v/Tn) 


ENVIRONMENT:  >  300 
AIR 


Figure  4.11.3.4 


4.11-57 


K* 


4  10  ^ 

(KSI  v/Tn) 


TABLE  4.11.3.5 


FATIGUE  CRACK  OROUTH  RATES  AT  DEFINED  LEVELS 
OF  STRESS  INTENSITY  FACTOR 

DATA  ASSOCIATED  WITH  FIGURE  4.11.3.5  INDICATING  EFFECT 

OF  STRESS  RATIO 


TANIUN  TI-6AL-4V 


MATERIAL:  TITANIUM  T 

CONDITION:  ANNEALED 
ENVIRONMENT:  R.  T.  .  LAB  AIR 


^  . 


CONDITION/HT:  ANNEALED 
FORM:  6.  00-TH  BILLET 

SPECIMEN  TYPE:  WOL 
ORIENTATION:  L-T 
FREQUENCY:  10.00-  20.00  HZ 

ENVIRONMENT:  R.  T.  .  LAB  AIR 


AK  (MPA  Vni) 


STRESS  RATIO  =  ■►B.  02 


4  10  40  100 


YIELD  STRENGTH:  123.  0  KSI 
ULT.  STRENGTH:  135.0  KSI 
SPECIMEN  THK:  1.  250" 
SPECIMEN  WIDTH:  5.000" 
REFERENCESHA003 


4  10  4( 


4  10  4( 

AK  (KSI  v/m) 


4  10  40  100 

AK  (KSI  -s/ln) 

Figure  4.11.3.5 
4.11-59 


TITAN. 

ALLOY 


TI-BAL- 

4V 


TABLE  4.11.3.6 


FATIGUE  CRACK  GROWTH  RATES  AT  DEFINED  LEVELS 
OF  STRESS  INTENSITY  FACTOR 


DATA  ASSOCIATED  WITH  FIGURE  4.11.3.6  INDICATING  EFFECT 

OF  STRESS  RATIO 


MATERIAL:  TITANIUM  TI-6AL-4V 

CONDITION:  ANNEALED  AT  1375F.  SmS.  AC 
ENVIRONMENT:  R.  T.  .LAB  AIR 


DELTA  K 
(K8I*IN««l/2> 


OA/DN  <10«*-6  IN.  /CYCLE) 


A 


B 


C 


D 


R-'K).  02 


DELTA  K 
MIN 


A 

B. 

C 

D 


DELTA 

MAX 


e.  92 


.  0853 


9.  00 

.  131 

10.  00 

.  283 

13.  00 

1.  41 

16.  00 

3.  88 

20.  00 

9.  70 

29.  00 

21.  7 

30.  00 

40.  8 

39.  00 

70.  2 

40.  00 

116. 

42.  37 

149. 

ROOT  MEAN  SQUARE  29.  31 

PERCENT  ERROR 

LIFE  O.  0-0.  9 

PREDICTION  0.  9-0.  S  2 

RATIO  0.8-1.29 

SUMMARY  1 .  29-2.  0 
(NP/NA>  >2.0 


CONDITION/HT:  ANNEALED  AT  1375F,  3HRS.  AC 

FORM:  2.  75"THPLATE  YIELD  STRENGTH:  129.  0  KS I 

SPECIMEN  TYPE:  WOL  ULT.  STRENGTH:  139.0  KSI 

ORIENTATION:  L-T  SPECIMEN  THK:  1.250" 

FREQUENCY:  1 0.  00-  20. 00  HZ  SPECIMEN  WIDTH:  5.000" 

ENVIRONMENT:  R.  T.  .LABAIR  REFERENCESNA003 


TABLE  4.11.3.7 


FATIOUE  CRACK  GROWTH  RATES  AT  DEFINED  LEVELS 
OF  STRESS  INTENSITY  FACTOR 

DATA  ASSOCIATED  WITH  FIGURE  4. 11 . 3 . 7  INDICATING  EFFECT 

OF  STRESS  RATIO 


MATERIAL:  TITANIUM  TI-AAL-4V 

CONDITION:  BA 

ENVIRONMENT:  R.  T.  .  LAB  AIR 


DELTA  K 

DA/DN  (10**-6  IN.  /CYCLE) 

(KSI«IN«*l/2) 

ABC 

D 

R—tO.  10 

A:  5.  13 

1.  45 

DELTA  K  B; 

MIN  C: 

D; 

6.  00 

1.  91 

7.  00 

2.  47 

a.  00 

3.  10 

9.  00 

3.  82 

10.  00 

4.  66 

13.  00 

8.  43 

16.  00 

15.  4 

A:  IB.  19 

24.  2 

DELTA  K  B: 

MAX  C: 

D: 

ROOT  MEAN  SQUARE 

16.  39 

PERCENT  ERROR 

LIFE  O.  0-0.  9 

PREDICTION  O.  9-0.  S 

RATIO  O.  B-1.29  2 

SUMMARY  1.  29-2.  0 
<NP/NA)  >2.  0 


CONDITION/HT:  BA 
FORM:  0.  05  "TH  SHEET 

SPECIMEN  TYPE:  CT 
ORIENTATION: 

FREQUENCY:  10.  00  HZ 

ENVIRONMENT:  R.  T.  ,  LAB  AIR 


AK  (MPA  -v/rn) 

4  10  40  100 


4  10  40  100 

T''T'i'i'i — rT-pinii  ■ 

STRESS  RATIO  = 


4  10  40  100 

AK  (KSI  V^) 


YIELD  STRENGTH:  130.  0  KSI 
ULT.  STRENGTH: 

SPECIMEN  THK:  0.  050" 
SPECIMEN  WIDTH:  3.  940" 
REFERENCESNL001 


AK  (MPA  v'^) 
I  10  4 


10° 

10' 

10’ 

10' 

10'^ 

io' 

10'^ 

10 

10'^ 

-1 

10 

10‘* 

10' 

10‘® 

10‘‘ 

4  10 

I  M  >T'IM 

STRESS  RATIO 


1  4  10 

E"!"'  I '  I'i'i — r 

”  STRESS  RATIO  = 


4  10  A 

AK  (KSI  V^) 


Figure  4,11.3.7 
4.11-63 


TITAN. 

ALLOY 


TI-6AL- 

4V 


TABLE  4.11.3.8 


•.V 
■  V 


Iv 


V  ■. 


P?1 


vS; 

►E3 


FATIGUE  CRACK  GROWTH  RATES  AT  DEFINED  LEVELS 
OF  STRESS  INTENSITY  FACTOR 

data  ASSOCIATED  WITH  FIGURE  4. 11 . 3. 8  INDICATING  EFFECT 


OF  STRESS  RATIO 


MATERIAL:  TITANIUM 
CONDITION:  BA 
ENVIRONMENT:  R.  T. 

T1-6AL-4V 

.LAB  AIR 

DELTA  K 

OA/ON  (10««- 

-6  IN.  /CYCLE) 

(KSl»IN««l/2) 

A 

B 

C  D 

R*+0.  10 

R— t-O.  30 

R=+0.  70 

A:  9.  98 

1.  84 

DELTA  K  B:  17.  87 

10.  4 

MIN  C:  9.03 

2.  34 

D: 

10.  00 

1.  86 

3.  90 

13.  00 

4.  87 

9.  31 

16.  00 

8.  71 

14.  6 

20.  00 

14.  5 

15.  1 

24.  4 

25.  00 

22.  7 

26.  9 

S3.  8 

30.  00 

32.  7 

40.  7 

150. 

35.  00 

45.  7 

59.  7 

40.  00 

63.  2 

89.  2 

50.  00 

121. 

224. 

60.  00 

238. 

70.  00 

476. 

A:  71.28 

521. 

DELTA  KB;  59.  74 

643. 

MAX  C:  33.  00 

311. 

D; 

ROOT  MEAN  SQUARE 

8.  97 

11.  51 

IS.  91 

PERCENT  ERROR 

LIFE  0.  0-0.  5 

PREDICTION  O.  S-0.  3  2  I  1 

RATIO  O.  B-1.23 

SUMHARY  1.  2S-2.  O 
<NP/NA)  >2.0 


4.11-64 


CONDITION/HT:  BA 
FORM:  0.  05  "TH  SHEET 

SPECIMEN  TYPE:  CCP 
ORIENTATION: 

FREQUENCY:  10.00  HZ 

ENVIRONMENT:  R.  T.  .  LAB  AIR 


AK  (MPA  v/m) 

4  10  40  ICO 


4  10  40  100 

I  '  I '  I'i'i — r-T-T-rnrr" 

STRESS  RATIO  =  ♦0.  70 


i 


4U  100 


V  -n) 


YIELD  STRENGTH:  130.0  KSI 
ULT.  STRENGTH: 

SPECIMEN  THK:  0.  050“ 
SPECIMEN  WIDTH:  3.  150" 
REFERENCESNL001 


AK  (MPA  v^) 

4  10  40  100 


10° 

(D 

10  ’ 

10  ‘ 

10'^ 

Iff 

10  ^ 

Iff' 

10'^ 

10 

10'^ 

iff* 

10‘® 

Iff 

Iff 

STRESS  RATIO  =  ^.0.  30 


4  10  40 

r  ■'  I '  m — r~n^ 

STRESS  RATIO  = 


4  10  40 

AK  (KSI  v/Tn) 


Figure  4.11.3.8 


TITAN. 

ALLOY 


TI-BAL- 

4V 


TABLE  4.11.3.9 


.  f 


f.  • 

f: 


FATIGUE  CRACK  GROWTH  RATES  AT  DEFINED  LEVELS 
OF  STRESS  INTENSITY  FACTOR 

DATA  ASSOCIATED  WITH  FIGURE  4.11.3.9  INDICATING  EFFECT 

OF  FREQUENCY 


% 

MATERIAL: 

TITANIUM 

TI-6AL-4V 

CONDITION 

BA 

•,  */ 

ENVIRONMENT:  R.  T. 

.  3.  9X  NACL 

rr^ 

DELTA  K 

DA/DN  (10**-6  IN.  /CYCLE) 

i 

<K8I«IN««l/3) 

A  B  C  D 

•N 

F<HZ)«  10.  00 

A 

9.  69 

.  46 

ii 

DELTA  K  B 

MIN  C 

D 

10.  00 

.  629 

13.  00 

3.  62 

ii 

16.  00 

9.  19 

20.  00 

17.  6  XiflP 

29.  00 

26.  9 

.'-V 

30.  00 

33.  4 

•]? 

A 

34.  71 

39.  3 

DELTA  K  B 

P 

MAX  C 

D 

• 

ROOT  MEAN 

SQUARE 

4.  39 

iLffi 

PERCENT  ERROR 

i 

0 

* 

LIFE 

0.  0-0. 

5  1 

PREDICTION  0.  9-0.  8 

RATIO 

0.8-1.29 

SUMMARY 

<NP/NA) 

1 .  29-2. 
>2. 

3 

3 

i'.  •" 


*v' 


4.11-66 


CONDITION/HT:  BA 
FORM;  0.  e3"TH  PLATE 
SPECIMEN  TYPE:  PTSF 
ORIENTATION:  T-S 
STRESS  RATIO:  *0.10 
V  \  ENVIRONMENT:  R.  T.  ,  3.  5X  NACL 


AK  (MPA  v/m) 

4  10  40  100 


YIELD  STRENGTH;  124.  5  KSI 
ULT.  STRENGTH:  136.4  KSI 
SPECIMEN  THK:  0.  672" 
SPECIMEN  WIDTH;  1.500" 
REFERENCES:g0981 


AK  (MPA  y/TT\) 
4  10  4( 


FREQUENCY  (Hz)  =  10.00 


il 

10 

S' 

10' 

7 

.s 

u 

>s 

u 

10 

? 

c 

"  / 

Z 

*  * 

•D 

10 

/ 

eo 

4  10  40 

I  '  I  M'l'l - TT-pr 

FREQUENCY  (Hz)  = 


4  10  40  100 

AK  ;;'Si  v^) 


1  4  10  4 

=  I  '  I  M'l'l — 

”  FREQUENCY  (Hz)  = 


4  10  ' 

AK  (KSI  v/ln) 


TITAN. 

ALLOY 


T1-6AL- 

4V 


10^  « 


Figure  4. 11. 3.0 
4.11-67 


TABLE  4.11.3,10 


FATIGUE  CRACK  GROWTH  RATES  AT  DEFINED  LEVELS 
OF  STRESS  INTENSITY  FACTOR 

DATA  ASSOCIATED  WITH  FIGURE4.il. 3. 10  INDICATING  EFFECT 

OF  ENVIRONMENT 

MATERIAL:  TITANIUM  TI-6AL-4V 

CONDITION:  BA 


A 

DELTA  K  B 
MIN  C 


D 


8.  24 


.  237 


9.  00 
10.  00 
13.  00 
16.  00 
20.  00 

29.  00 

30.  00 

39.  00 

40.  00 
90.  00 
60.  00 


.  974 
.  989 
2.  69 
o.  69 
13.  8 
22.  6 
31.  4 
41.  7 
99.  9 
109. 

249. 


A 

DELTA  K  B 
MAX  C 


D 


68.  19 


917. 


ROOT  MEAN  SQUARE  0.  00  18.  99 

PERCENT  ERROR 


LIFE  0.  0-0.  9 

PREDICTION  0.  9-0.  8 
RATIO  0.  8-1.  29 
SUMMARY  1.29-2.0 
(NP/NA)  >2.  0 


1 


CONDITION/HT:  BA 
FORM:  0.  63"TH  PLATE 

SPECIMEN  TYPE:  CT 
ORIENTATION  T-L 
STRESS  RATIO:  ■►0.10 
FREQUENCY:  10.  00  HZ 


YIELD  STRENGTH:  124.  5  KSI 
ULT.  STRENGTH:  136.4  KSI 
SPECIMEN  THK:  0.660" 

SPECIMEN  WIDTH:  2.550-  2.554- 

REFERENCES:80O81 


TITAN. 

ALLOY 


TI-BAL- 

4V 


AK  (MPA  v/m) 


^V^R^^I^ENT:  R.  T.  . 


4  10  40  100 

I  •  I  M<i>i — r~'  ni'i'i 

ENVIRONMENT: 


10° 

(D 

10  ' 

10' 

10'^ 

10 

10^ 

io' 

10^ 

10 

10'* 

10* 

10® 

Itf 

itf' 

_  10' • 


4  10  40  100 

AK  (KSI  v/Tn) 


ENVIRONMENT:  R. 
3.  5XNACL 


1  4  10 

1=  I  '  I  'I'I'I - 

-  ENVIRONMENT: 


Figure  4.11.3.10 


4  10  i 

AK  (KSI  %/m) 


10’^  ^ 


2 
^  -D 

10  ^ 
•D 


10  ^  4? 


4.11-69 


m 


TABLE  4.11.3.11 

FATIGUE  CRACK  GROWTH  RATES  AT  DEFINED  LEVELS 
OF  STRESS  INTENSITY  FACTOR 

DATA  ASSOCIATED  WITH  FIGURE  4. 11.3. IIINDICATING  EFFECT 


OF  ENVIRONMENT 


MATERIAL:  TITANIUM 
CONDITION:  BA 


T1-AAL-4V 


DELTA 

K 

DA/DN  (10**-6  IN.  /CYCLE) 

<K81*IN**i/2) 

A 

B  C 

E-  R.  T. 

8.  T.  W. 

A: 

IS.  8S 

11.  7 

DELTA  K 

B. 

MIN 

C: 

0: 

16.  00 

11.  9 

20.  00 

18.  6 

2S.  00 

28.  3 

30.  00 

39.  2 

3S.  00 

SI.  3 

40.  00 

64.  3 

SO.  00 

94.  3 

60.  00 

129. 

70.  00 

168. 

BO.  00 

213. 

A: 

B7.  37 

232. 

DELTA  K 

B: 

ROOT  MEAN  SQUARE 
PERCENT  ERROR 

10.  42 

LIFE 

0.  0-0.  S 

PREDICTION 

0.  S-0.  8 

RATIO 

0.  8-1.  23 

1 

SUMMARY 

1 .  23-2.  0 

(l«>/NA} 

>2.  0 

4.11-70 

CONDITION/HT:  BA 
FORM;  0.e3’’TH  PLATE 
SPECIMEN  TYPE:  CT 
ORIENTATION  T-L 
STRESS  RATIO:  ♦B-  10 
FREQUENCY:  10.00  H2 


AK  (MPA  •v/rff) 


^V^R^NMENT:  R. 


YIELD  STRENGTH:  124.  5  KSI 
ULT.  STRENGTH:  136.4  KSI 
SPECIMEN  THK:  0.  660” 
SPECIMEN  WIDTH:  2.554" 
REFERENCESS0981 


AK  (MPA  \/m) 
iNVIRONMENT: 


4  10  40 

I  '  I  '  I'l'i — 

ENVIRONMENT: 


4  10  40 

AK  (KSI  v/Tn) 


10° 

(D 

10  ’ 

10  ‘ 

10^ 

10' 

10'^ 

lo' 

10'^ 

10' 

10* 

10* 

10° 

10' 

10"' 

10° 

10’ 

10' 

10'^ 

10' 

io’ 

io‘ 

10'^ 

10' 

10* 

10* 

10® 

10' 

10* 

4  10  i 

I  ’  f'l'i'i — r-T~ 

ENVIRONMENT; 


4  10  - 

AK  (KSI  \/^) 


Figure  4.11.3.11 
4.11-71 


TITAN. 

ALLOY 


TI-6AL- 
'  4V 


I 


MATERIAL:  TITANIUM 
CONDITION:  BA 


DELTA  K 
(K8I*IN**l/2> 


TI-6AL-4V 


DA/DN  (l0**-6  IN.  /CYCLE) 


E-  R.  T. 
3.  5XNACL 


E-  R.  T. 
S.  T.  W. 


DELTA  K  B: 
MIN  C: 
D: 


10.  21 
18.  91 


30.  9 


A: 

DELTA  K  B: 


13.  00 

9. 

39 

16.  00 

16. 

0 

20.  00 

38. 

9 

39. 

3 

29.  00 

66. 

4 

73. 

3 

30.  00 

83. 

1 

99. 

4 

39.  00 

lOO. 

103. 

40.  00 

136. 

112. 

90.  00 

281. 

192. 

60.  00 

489. 

97.  34 

342. 

69.  64 

1087. 

ROOT  MEAN  SQUARE 
PERCENT  ERROR 


LIFE 

PREDICTION  0.  9-0.  8 
RATIO  0.  a-1.29 
SUMMARY  1.29-2.0 
(NP/NA)  >2.  0 


4.11-72 


CONDITION/HT:  BA 
FORM:  0.  63"TH  PLATE 

SPECIMEN  TYPE:  CT 
ORIENTATION  T-L 
STRESS  RATIO:  -^0.  10 
.  FREQUENCY:  1.  00  HZ 

'  s'  • 


AK  (MPA  y/m) 

4  10  40  100 


YIELD  STRENGTH:  124.  5  KSI 
ULT.  STRENGTH:  135.4  KSI 
SPECIMEN  THK :  0.  660  " 


TITAN. 

ALLOY 


Figure  4.11,3.12 


4.11-73 


TABLE  4.11.3.13 


FATIGUE  CRACK  OROUTH  RATES  AT  DEFINED  LEVELS 
OF  STRESS  INTENSITY  FACTOR 

DATA  ASSOCIATED  WITH  FIGURE  4. 11. 3. 13IND1CATINO  EFFECT 

OF  ENVIRONHENT 


MATERIAL:  TITANIUM 
CONDITION:  BA 


TI-6AL-4V 


DELTA  K 

DA/DN  (10**-6  IN. /CYCLE) 

(K8I*IN«*i/2) 

ABC 

E“  R.  T. 

S.  T.  U. 

A:  9.81 

.  55 

DELTA  K  B: 

MIN  C: 

D: 

10.  00 

.  581 

13.  00 

1.  31 

16.  00 

2.  73 

20.  00 

6.  43 

25.  00 

16.  2 

30.  00 

36.  1 

35.  00 

72.  9 

40.  00 

136. 

50.  00 

400. 

60.  00 

907. 

A:  69.  91 

2127. 

DELTA  K  B: 

MAX  C: 

ROOT  MEAN  SQUARE 
PERCENT  ERROR 


43.  57 


PREDICTION  O.  5-0.  8 
RATIO  0.8-1.25 

SUMMARY  1.25-2.0 
(NP/NA>  >2.  0 


4.11-74 


CONDITION/HT:  BA 
FORM:  0.e3’'TH  PLATE 

SPECIMEN  TYPE:  CT 
ORIENTATION  T-L 
STRESS  RATIO:  •►0.10 
FREQUENCY:  0.  10  HZ 


AK  (MPA  y/m) 

4  10  40  100 


ENVIRONMENT:  R. 

S.  T.  W. 


YIELD  STRENGTH:  124.  5  KSI 
ULT.  STRENGTH:  136.4  KST 
SPECIMEN  THK:  0.860" 
SPECIMEN  WIDTH:  2.550" 
REFERENCES:g09ei 


AK  (MPA  Vm) 


4  10  40  100 


4  10  40  100 

AK  (KSI  V^) 


4  10 


4  10 


4  10  - 

AK  I'KGl  v^) 


Figure  4.11.3.13 


4. 11-7G 


TITAN. 

ALLOY 


TI-SAL- 

4V 


10  ^ 


10  ^  s 


-310-^1 


I  4  ^ 

,10 

T5 


TABLE  4.11.3.14 


FATIOUE  CRACK  GROWTH  RATES  AT  DEFiNED  LEVELS 
OF  STRESS  INTENSITY  FACTOR 

DATA  ASSOCIATED  WITH  FIGURE  4 . 11 . 3. 14IND2CATINO  EFFECT 


OF  STRESS  RATIO 


MATERIAL:  TITANIUM 
CONDITION:  BA 
ENVIRONMENT:  R.  T. 

TI-6AL-4V 

.DRY  AIR 

DELTA  K 

DA/DN  (10**-6  IN.  /CYCLE) 

(KSI*IN<HH/a) 

A 

BCD 

R-K).  10 

R— i-O.  30 

A:  7.  64 

.  108 

DELTA  K  B:  9.89 

.  284 

MIN  C: 

D: 

6.  00 

.  113 

9.  00 

.  150 

10.  00 

.  227 

.  302 

13.  00 

.  937 

1.  79 

16.  00 

3.  17 

4.  90 

20.  00 

9.  ir* 

9.  75 

25.  00 

19.  6 

18.  5 

30.  00 

33.  0 

32.  2 

35.  00 

51.  3 

52.  4 

40.  00 

78.  0 

A:  45.  52 

122. 

DELTA  K  B:  39.  92 

80.  2 

MAX  C: 

D: 

ROOT  MEAN  SQUARE  16.  21  10.  73 

PERCENT  ERROR 


LIFE  0.  0-0.  S 

PREDICTION  0.  5-0.  S 

RATIO  0.8-1.25  1 

SUHNARY  1.  25-2.  O  1 

(NP/NA)  >2.0 


4. ll-7b 


TABLE  4.11.3.15 


FATIGUE  CRACK  GROWTH  RATES  AT  DEFINED  LEVELS 
OF  STRESS  INTENSITY  FACTOR 

DATA  ASSOCIATED  WITH  FIGURE  4 . 11 . 3. 15INDICATINO  EFFECT 


OF  STRESS  RATIO 


MATERIAL:  TITAJMIUM 
CONDITION:  BA 
ENVIRONMENT:  R.  T. 

TI-6AL-4V 

.  S.  T.  W. 

DELTA  K 

DA/DN  (10«« 

(KSI*IN**l/2> 

A 

B 

R— K).  10 

R— *“0.  30 

A:  11.43 

.  30 

DELTA 

K  B:  24.  OS 

53.  3 

MIN 

C: 

0: 

13.  00 

.  730 

16.  00 

3.  08 

20.  00 

11.  1 

25.  00 

27.  6 

61.  5 

30.  00 

48.  0 

86.  0 

35.  00 

70.  5 

119. 

40.  00 

95.  9 

50.  00 

163. 

A:  59.  09 

264. 

DELTA 

K  B:  36.  06 

134. 

MAX 

C; 

0: 

ROOT  MEAN  SQUARE 

16.  76 

3.  81 

PERCENT  ERROR 


LIFE 

PREDICTION 

RATIO 

SUMMARY 

<NP/NA) 


0.  0-0.  S 
0.  5-0.  8 
O.  8-1.  25 
1.  25-2.  0 
>2.  0 


CONDITION/HT:  BA 

FORM:  0.  75-  0.  76"TH  PLATE 

SPECIMEN  TYPE:  CT 

ORIENTATION:  L-T 

FREQUENCY:  1.  00  HZ 

ENVIRONMENT:  R.  T.  .  S.  T.  W. 


AK  (MPA  y/m) 

4  10  40  100 


4  10  40  100 

I  '  T'lM'l - 1  '  1  'IMT" 

STRESS  RATIO  * 


a 


YIELD  STRENGTH:  11 6.  3  KSI 
ULT.  STRENGTH:  125.7  KSI 
SPECIMEN  THK:  0.  746-  0.  751  " 

SPECIMEN  WIDTH;  4.996-  5.  019‘ 

REFERENCESS8575 


AK  (MPA  v/ml 
4  10  40 


4  10  40  100 

AK  (KSI  y/m) 


10° 

(D 

10’ 

10" 

10'^ 

10‘ 

10  ^ 

io" 

10'^ 

10 

10* 

10* 

10* 

10‘ 

STRESS  RATIO  =  +0.  50 


1  4  10  40  100 

=  I  '  nTPi — r-'- 1  ''I'l'i " 

“  STRESS  RATIO  = 


4  10  40 

AK  (KSI  \/ln| 


TITAN. 

ALLOY 


TI-6AL- 

4V 


10'^  1 


10  ^  ^ 


10  W 

n 


rigort.-  4.11.3.1'" 


TABLE  4.11.3.16 


FATIGUE  CRACK  GROWTH  RATES  AT  DEFINED  LEVELS 
OF  STRESS  INTENSITY  FACTOR 

DATA  ASSOCIATED  WITH  FIGURE  4 . 11. 3. 16INDICATINO  EFFECT 

OF  FREQUENCY 


MATERIAL:  TITANIUM  TI-AAL-4V 

CONDITION:  BA 
ENVIRONMENT:  R.  T.  .  S.  T.  W. 


DELTA  K 
(K8I*IN**l/2) 


DA/DN  {10**-6  IN.  /CYCLE) 

A  B  C  D 


F(HZ)-  O.  10 


A: 

DELTA  K  B: 

MIN  C: 

D: 

200.  00 


DELTA 

MAX 


K 


A 

B 

C 

0 


t 


ROOT  MEAN  SQUARE  0.  00 

PERCENT  ERROR 


LIFE  0.  0-0.  5 
PREDICTION  0.  9-0.  8 
RATIO  0.8-1.29 

SUMMARY  1.  25-2.  0 
<NP/NA)  >2.  0 


CONDITION'HT:  BA 
FORM:  0.  75"TH  PLATE 

SPECIMEN  TYPE:  CT 
ORIENTATION:  L-T 
STRESS  RATIO:  ♦0.  50 
ENVIRONMENT:  R.  T.  .  S-  T.  W. 


AK  (MPA 

4  10  40  100 


FREQUENCY  (Hz)  =  0.10 


4  10  40  100 


YIELD  STRENGTH:  1 16.  3  KSI 
ULT.  STRENGTH:  125-  7  KSI 
SPECIMEN  THK:  0.  750" 
SPECIMEN  WIDTH:  5.  008" 
REFERENCES:a8575 


TITAN. 

ALLOY 


T1-6AL- 

4V 


4  10  40  100 

AK  (KSI  v/Tn) 


FREQUENCY  (Hz)  = 


4  10  40 


10'^  Z 


4  10 

AK  (KSI  \/m) 


Figure  4.11.3.16 


4,11-81 


iUUMliiiliM 


TABLE  4.11.3.17 


FATIOUE  CRACK  GROWTH  RATES  AT  DEFINED  LEVELS 
OF  STRESS  INTENSITY  FACTOR 

DATA  ASSOCIATED  WITH  FIGURE  4 . 11. 3 . 17INDICATINO  EFFECT 

OF  STRESS  RATIO 


MATERIAL: 

TITANIUM 

TI-6AL-4V 

CONDITION 

BA 

ENVIRONMENT:  R.  T. 

. BIST.  WATER 

DELTA  K 

DA/DN  (10**-6  IN.  /CYCLE) 

<KSI*IN*«l/2) 

> 

to 

o 

o 

R—K).  10  R*-f0.  30 

A 

26.  53 

IS.  5 

DELTA  K  B 

MIN  C 

D 

30.  00 

26.  2 

33.  00 

43.  2 

40.  00 

67.  a 

50.  00 

126. 

60.  00 

218. 

A 

63.  96 

271. 

DELTA  K  B 

MAX  C 

0 

ROOT  MEAN 

SQUARE 

3.  71  0.  00 

PERCENT  I 

»RQR 

LIFE 

PREDICTION 

RATIO 

SUMHARY 

(NP/NA) 


O.  0-0.  3 

0.  3-0.  a 

O.  8-1.  23 
1.  23-2.  0 
>2.  0 


4.11-32 


CONDITION/HT;  BA 
FORM:  1.  00*’TH  PLATE 

SPECIMEN  TYPE:  DCB 
ORIENTATION:  T-L 
FREQUENCY:  0,  10  HZ 

ENVIRONMENT:  R.  T.  ,  DIST.  WATER 


YIELD  STRENGTH: 
ULT.  STRENGTH: 
SPECIMEN  THK: 
SPECIMEN  WIDTH: 
REFERENCES:68140 


TITAN. 

ALLOY 


TI-6AL- 

4V 


AK  (MPA  Vin) 

4  10  40  100 


AK  (MPA  v/m) 

4  10  40  100 


10 


10 


-5 


10 


.-7 


10 


10 


=  1  1  1  '  I'MI 

r-T-Twr 

■ 

STRESS  RATIO  =  -4-0,  50 

■ 

— 

-r: 

— 

- 

B 

- 

D 

— 

— 

~  E 

— 

— 

1  1  1  1  1 1 1 1 

_ 1  1  1  1  llh 

- 

10’ 


10'^  5 

z 

.  ■D 


10' 


10 


40  100 


.3 


10' 


10 


10' 


10' 


10 


=  T^  p  I'i'i — r  ■>  1 '  pi'i — =» 

“  STRESS  RATIO  =  "E 

— 

— 

— 

- 

— 

— 

— 

— 

— 

I  -i  1  1  1  hli 

_ III. 

— 

2  _ 


w 

>■ 

u 


^  i 
z 

.  -O 


,■5 


10 


10'^ 


4  10  40  100 

AK  (KSI  •s/m) 


Figuru  4.11.3.17 


4.11-83 


TABLE  4.11.3.18 


FATICUE  CRACK  GROWTH  RATES  AT  DEFINED  LEVELS 
OF  STRESS  INTENSITY  FACTOR 

DATA  ASSOCIATED  WITH  FIGURE  4. 11. 3. 18INDICATING  EFFECT 


OF  STRESS  RATIO 


MATERIAL:  TITANIUM 
CONDITION:  BA 
ENVIRONMENT:  R.  T. 

TI-6AL- 

,  H.  H.  A. 

-4V 

DELTA  K 

DA/DN  (10**-6 

IN.  /CYCLE) 

(KSI«IN»«l/2) 

A 

B 

C 

D 

1 

R-+0.  10 

R-+0.  30 

R=«+0.  50 

A:  12.  84 

.  965 

DELTA  KB:  10.  82 

.  451 

MIN  C:  10.92 

1.  47 

D: 

13.  00 

.  929 

1.  15 

1.  62 

16.  00 

1.  19 

3.  13 

3.  85 

20.  00 

4.  10 

9.  31 

12.  0 

25.  00 

12.  4 

23.  5 

27.  6 

30.  00 

25.  3 

38.  6 

44.  0 

35.  00 

41.  9 

52.  8 

70.  0 

40.  00 

62.  0 

84.  8 

182. 

50.  00 

115. 

1010. 

60.  00 

208. 

A;  66.  20 

454 

DELTA  KB;  40.  80 

210 

MAX  C:  50.  10 

1013. 

D; 

ROOT  MEAN  SQUARE 

15.  43 

11.  45 

16.  49 

PERCENT  ERROR 

LIFE  O.  0-0.  S 

PREDICTION  0.  5-0  8 

RATIO  0.0-1.25  1  1 

SUMMARY  1.25-2  0  1 

(NP/NA)  >2.0 


VV  / 


''A 


m 


CONDITION/HT:  BA 
FORM:  2.  25"TH  PLATE 

SPECIMEN  TYPE:  CT 
ORIENTATION.  L-T 
FREQUENCY:  0.  10  HZ 

ENVIRONMENT:  R.  T.  .  H.  H.  A. 


YIELD  STRENGTH:!  17.  0  KSI 
ULT  STRENGTH:  129.4  KSI 
SPECIMEN  THK:  0.749-  0.753" 

SPECIMEN  WIDTH:  5.009-  5.013" 

REFERENCESGD007 


[TITAN. 

Alloy 


TI-6AL- 
4V 


TABLE  4.11.3.19 


FATIGUE  CRACK  GROWTH  RATES  AT  DEFINED  LEVELS 
OF  STRESS  INTENSITY  FACTOR 

DATA  ASSOCIATED  WITH  FIGURE  4 . 11. 3. 19  INDICATING  EFFECT 


OF  STRESS  RATIO 


MATERIAL:  TITANIUM 
CONDITION:  BA 
ENVIRONMENT:  R.  T. 

T1-6AL- 

.DRY  AIR 

■4V 

DELTA  K 

DA/DN  (10**-6  IN. /CYCLE) 

(KSI«IN««l/2) 

A 

B  C 

D 

R«+0.  10 

Ra-t-O.  50 

A:  9.  56 

.  04 

DELTA  KB:  7.  43 

.  40 

MIN  C: 

D; 

8.  00 

.  538 

9.  00 

.  826 

10.  00 

.  0692 

1.  19 

13.  00 

.  482 

2.  85 

16.  00 

1.  62 

5.  49 

20.  00 

5.  42 

10.  9 

25.  00 

15.  7 

21.  5 

30.  00 

32.  2 

38.  1 

35.  00 

51.  7 

62.  5 

40.  00 

69.  3 

50.  00 

as.  6 

A:  50.  68 

85.  7 

DELTA  KB:  36.  97 

74.  9 

MAX  C: 

D; 

ROOT  MEAN  SQUARE 

22.  63 

47.  03 

PERCENT  ERROR 

LIFE  0.  0-0.  9 
PREDICTION  0.  5-0.  8 
RATIO  0.  8-1.  25 

8UMHARY  1.25-2.0  1  1 

<NP/NA)  >2.0 


CONDITION/HT:  BA 
FORM:  2.  79"TH  PLATE 

SPECIMEN  TYPE:  CT 
ORIENTATION:  L-T 
FREQUENCY:  6.  00  HZ 

ENVIRONMENT:  R.  T.  .  DRY  AIR 


AK  (MPA  y/m) 

4  10  40  100 


4  10  40  100 

T-nFwi — I . ' . rn'T'i . . 

STRESS  RATIO  * 


YIELD  STRENGTH:  1 16.  3  KSI 
ULT.  STRENGTH:  125.  7  KSI 
SPECIMEN  THK;  0.760-  0.762  " 

SPECIMEN  WIDTH:  4.  993-  4.  996" 

REFERENCES:e8575 


AK  (MPA 
4  10  4( 


10° 

vs/ 

10‘ 

10  ' 

10" 

10'^ 

.4 

10 

■  3 

10 

10 

lO"* 

10^ 

10'^ 

10' 

10® 

io' 

4  10  40  100 

AK  (KSI  V^) 


1  4  10 

=  I  '  I ' I'i'i — r 

“  STRESS  RATIO  = 


4  10  < 

AK  (KSI  >/m) 


Figure  4.11.3.19 
4.11-87 


TITAN. 

ALLOY 


TI-6AL- 

4V 


LiT**! 


TABLE  4.11.3.20 


FATIGUE  CRACK  GROWTH  RATES  AT  DEFINED  LEVELS 
OF  STRESS  INTENSITY  FACTOR 

DATA  ASSOCIATED  WITH  FIGURE  4. 11. 3. 20INDICATINO  EFFECT 

OF  ENVIRONMENT 


MATERIAL:  TITANIUM  TI-6AL-4V 

CONDITION:  BA 


DELTA  K 
(KSI«IN««i/2) 


DA/DN  (10»«-6  IN.  /CYCLE) 


A 


B 


C 


D 


E»  R.  T. 
S.  T.  W. 


A: 

DELTA  K  B: 

MIN  C: 

D: 

200.  00 

A: 

delta  K  B: 

MAX  C; 

D: 


ROOT  MEAN  SQUARE  0.  00 

PERCENT  ERROR 


LIFE  O.  0-0.  3 

PREDICTION  O.  9-0.  8 
RATIO  0.8-1.29 

SUMMARY  1 .  29-2.  0 
(NP/NA)  >2.  0 


CONDITION/HT;  BA 
FORM:  2.  79‘'TH  PLATE 

SPECIMEN  TYPE:  CT 
ORIENTATION  S-L 
STRESS  RATIO:  +0.  10 
FREQUENCY:  1.  00  H2 


AK  <MPA  v/m) 

4  10  40  100 


YIELD  STRENGTH:  116.  3  KSI 
ULT.  STRENGTH:  125.  7  KSI 
SPECIMEN  THK.  1.002" 
SPECIMEN  WIDTH:  1.996" 
REFERENCESB8575 


AK  (MPA 
4  10  4( 


^\^RONMENT: 


4  10  40  100 


4  10  40  100 

AK  (KSI  -v/m) 


4  10 


4  10  * 

AK  (KSI  v/Tn) 


Figure  4.11.3.20 


4.  ll-Sn 


TITAN. 

ALLOY 


TI-6AL- 

4V 


TABLE  4.11.3.21 


lind 


FATIGUE  CRACK  GROWTH  RATES  AT  DEFINED  LEVELS 
OF  STRESS  INTENSITY  FACTOR 

DATA  ASSOCIATED  WITH  FIOURE4. 11. 3. 21  INDICATING  EFFECT 


OF  ENVIRONMENT 


MATERIAL:  TITANIUM 
CONDITION:  BA 

TI-6AL- 

-4V 

DELTA  K 

DA/DN  (10**-6 

IN.  /CYCLE) 

(KSI*1N**i/2> 

A 

B 

C 

D 

E«  R.  T. 

E=  R.  T. 

e=  R.  T. 

LAB  AIR 

JP-4  FUEL 

SIM  SEA  WATER 

A:  10.  25 

.  0872 

delta  K  B:  12.  23 

.  115 

MIN  C:  10.  OA 

.  219 

D: 

13.  00 

.  264 

.  165 

.  779 

16.  00 

.  820 

.  566 

1.  94 

20.  00 

2.  S3 

2.  08 

4.  82 

23.  00 

7.  52 

6.  89 

11.  6 

30.  00 

17.  1 

16.  1 

23.  a 

35.  00 

31.  9 

28.  9 

43.  1 

40.  00 

51.  8 

44.  6 

70.  5 

30.  00 

102. 

08.  2 

149. 

60.  00 

103. 

168. 

234. 

70.  00 

356. 

339. 

438. 

80.  00 

794. 

736. 

933. 

90.  00 

2039. 

1726. 

2619. 

100.  00 

4343. 

A:  99.  83 

5876. 

DELTA  K  B:  101.83 

5178. 

MAX  C:  99.  93 

9645. 

D: 

ROOT  MEAN  SQUARE 

.26.  01 

24.  42 

25.  45 

PERCENT  ERROR 

LIFE  O.  0-0.  5 
PREDICTION  0.  5-0.  0 
RATIO  0.8-1.25 

SUMMARY  1.25-2.0 
(NP/NA)  >2.  0 


4.11-90 


G0NDITI0r4/HT:  0A 
FORM:  1-  30'’TH  FORGING 

SPECIMEN  TYPE:  WOL 
ORIENTATION  L-T 
STRESS  RATIO:  -^0.  02 
FREQUENCY:  0.  10-  20.  00  HZ 


YIELD  STRENGTH:  1 1 1.  0-  111.5  KSI 
ULT.  STRENGTH:  122.  5-  127.  S  KSI 
SPECIMEN  THK:  1.250" 

SPECIMEN  WIDTH:  5.  000" 
REFERENCESMA005 


TITAN. 

ALLOY 


®  E 


AK  (MPA  \/rr) 

4  10  40  100 


10 


,2 


,-3 


10' 


J  10^ 

c 

Z  5 
5  10 
n 
•o 


10 


>•6 


10 


,-7 


10 

© 


=-[— n-rfFpi — rrrrwT — 

— 

i 

!  - 

— 

/ 

— 

— 

— 

/ 

— 

— 

ft 

— 

I— 

i  .  liiii. 

-= 

10 


40  100 


10^  t 


10'^  b: 


o  W* 

c 

z 


10 
Kl 
V 


■s 


lO^h: 


10 


10‘ 


=  1  '  1 '  I'Mi  r^TT-nri  =1 

j 

\  _ 

J 

— 

* 

/ 

i 

— 

* 

1 

— 

Z-1  j  1 1 1  Ji 

— 

10' 

10'^ 

io’ 

10'^ 

10* 


10 


1-6 


.-•'A 


4  10  40  100 

AK  (KSI  -s/m) 


AK  (MPA  y/m) 

4  10  40  100 


10° 

vs/ 

10' 

10' 

10  ^ 

10 

10-^ 

10” 

10 

10“' 

10* 

10* 

i0 

10* 

io' 

10° 

® 

.•7 


-  r  '  J  '  in'! — r^rn^n  ^ 

_  ENVIRONMENT:  R.  T.  .  _ 

JP-4  FUEL  = 

- 

■  — 

ivy 

— 

~ 

Ki 

— 

— 

7^ 

— 

— 

/ 

— 

L  i-  J.  J  i  lilt 

1  1  1  .111. 

— 

d  10’ 


TI-6AL- 

4V 


10'^  ^ 


o 

>- 

u 


10 


3  E 


lO"*  1 
■o 


_410' 


10" 


10  40  100 


10  V 


,-3 


10 


10 


10' 


10 


.-7 


10 


10' 


=  1  '  1 '  I'i'i  1  — =F 

-  ENVIRONMENT:  — 

— 

— 

— 

— 

— 

~ 

— 

r  1  .  1  .  I.l. 

BH 

— 

-=i  10' 


10 


10  ' 


10'^  ^ 
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3  E 


3  £ 


Z 

■o 

lO  "'  « 
•o 


-d  10 


,•5 


tdio' 


4  10  40  100 

AK  (KSI  >/Tn) 


Figure  4.11.3.21 


4.11-91 


TABLE  4.11.3,22 


FATIGUE  CRACK  GROWTH  RATES  AT  DEFINED  LEVELS 
OF  STRESS  INTENSITY  FACTOR 

DATA  ASSOCIATED  WITH  FIGURE  4.11. 3. 22INDICATINC  EFFECT 


OF  ENVIRONMENT 


MATERIAL:  TITANIUM 

TI-6AL- 

-4V 

CONDITION:  BA 

DELTA  K 

DA/DN  (l0**-6 

IN.  /CYCLE) 

(KSI«IN»»l/2) 

A 

B 

C 

D 

E=  R  T. 

E«  R.  T. 

E=»  R.  T. 

LAB  AIR 

JP-4  FUEL 

SIM  SEA  WATER 

A:  10.97 

0750 

DELTA  KB:  1 1 .  53 

.  0872 

MIN  C  10.  11 

.  177 

D: 

13.  00 

.  226 

.  204 

.  651 

16.  00 

.  743 

.  741 

1.  66 

r 

20.  00 

2.  27 

2.  40 

4.  09 

25.  00 

6.  IS 

6.  63 

9.  39 

30.  00 

13.  1 

14.  0 

18.  0 

35.  00 

24.  3 

25.  6 

31.  2 

40.  00 

41.  5 

42.  9 

SO.  5 

50.  00 

103. 

103. 

118. 

60.  00 

227 

224. 

250. 

70.  00 

467. 

457. 

499. 

80.  00 

918. 

903. 

959. 

90.  00 

1746. 

1743. 

1789. 

100.  00 

3242. 

32S9. 

A:  104.  34 

4214. 

DELTA  K  B:  99.96 

3302. 

MAX  C:  102.34 

3739. 

D. 

ROOT  MEAN  SQUARE 

27.  58 

29.  08 

34.  70 

PERCENT  ERROR 

LIFE  0.  0-0  5 

PREDICTION  0.  5-0  S 
RATIO  0.  8-1  25 

SUMMARY  1 . 25-2  0 
(NP/NA)  >2  0 


CONDITION/HT:  BA 
FORM:  1.30"TH  FORGING 

SPECIMEN  TYPE:  WOL 
ORIENTATION  T-L 
STRESS  RATIO:  ♦B.  02 
FREQUENCY:  0.  10-  20.  00  HZ 


YIELD  STRENGTH:  110.  0-  110.5  KSI 
ULT.  STRENGTH:  124.5-  125.0  KSI 
SPECIMEN  THK:  1.250" 

SPECIMEN  WIDTH:  5.  000" 
REPERENCES:MA005 


TITAN. 
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Figure  4.11.3.22 
4,11-93 
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TABLE  4.11.3.23 


FATIGUE  CRACK  GROWTH  RATES  AT  DEFINED  LEVELS 
OF  STRESS  INTENSITY  FACTOR 

DATA  ASSOCIATED  WITH  FIGURE  4. 11, 3. 23INDICATINC  EFFECT 

JF  ENVIRONMENT 


MATERIAL:  TITANIUM  TI-AAL-4V 

CONDITION:  BETA  PR0CE88ED-MILL  ANNEALED 


DELTA  K 
(K8I*IN**l/2) 


DA/DN  (10**-6  IN.  /CYCLE) 

A  B  C  D 


E-  R.  T. 
DRY  AIR 


A:  23.  05 
DELTA  K  B: 

MIN  C: 

D: 


5.  27 


25.  00 

6.  45 

30.  00 

10.  3 

35.  00 

15.  7 

40.  00 

23.  4 

50  00 

48  8 

59.  48 

94.  0 

DELTA  K  B 
MAX  C 


ROOT  MEAN  8QUARE  7.  55 

PERCENT  ERROR 


LIFE  0.  0-0.  5 
PREDICTION  0.  5-0.  8 
RATIO  0.  B-1.25 
SUMMARY  1 .  28-2.  0 
(NP/NA>  >2. 0 


4.11-94 


CONDITION/HT  BETA  PROCESSED-MILL  ANNEALED 
FORM;  0.  13"TH  SHEET  YIELD  STRENGTH: 

SPECIMEN  TYPE;  CT  ULT.  STRENGTH: 

ORIENTATION  L-T  SPECIMEN  THK: 

STRESS  RATIO;  ■►B.  10  SPECIMEN  WIDTH: 

FREQUENCY:  10.00  HZ  REFERENCES:91332 


AK  (MPA  y/Tn) 
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Figure  4.11,3.23 
4.11-95 
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TABLE  4.11.3.24 


FATIGUE  CRACK  GROWTH  RATES  AT  DEFINED  LEVELS 
OF  STRESS  INTENSITY  FACTOR 

DATA  ASSOCIATED  WITH  FIGURE  4.11. 3. 24INDICATINO  EFFECT 

OF  ENVIRONNENT 


MATERIAL:  TITANIUM  TI-AAL-4V 

CONDITION:  BETA  PROCESSED'MILL  ANNEALED 


DELTA  K 
(KSI*IN«*l/2) 


DELTA  K  B 
MIN  C 
D 


A 

DELTA  K  B 
MAX  C 
D 


23.  71 


E 

DRY  AIR 


A 

R.  T. 


5.  7A 


25.  00 

6.  20 

30.  00 

9.  23 

35.  00 

14.  6 

40.  00 

22.  9 

50.  00 

48.  7 

60.  00 

82.  7 

60.  18 

83.  4 

DA/DN  (10«*-6  IN.  /CYCLE) 
B  C 


ROOT  MEAN  SQUARE  19.  14 

PERCENT  ERROR 


LIFE  0.  0-0,  9 
PREDICTION  0.  9-0.  8 

RATIO  0.8-1  29 

SUMMARY  1.29-2  0 

(NP/NA)  >2,  O 


CONDITION/HT:  BETA  PROCESSEO-MILL  ANNEALED 


FORM:  0.30”TH  PLATE 

SPECIMEN  TYPE:  CT 
ORIENTATION  L-T 
STRESS  RATIO:  ♦B.  10 
FREQUENCY:  10.  00  HZ 


YIELD  STRENGTH: 
ULT.  STRENGTH: 
SPECIMEN  THK: 
SPECIMEN  WIDTH: 
REFERENCES:gi332 
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,3.24 


4,11-97 


TABLE  4.11.3.25 


FATIOUE  CRACK  GROWTH  RATES  AT  DEFINED  LEVELS 
OF  STRESS  INTENSITY  FACTOR 

DATA  ASSOCIATED  WITH  FIGURE  4 . 11 . 3. 25INDICATIN©  EFFECT 

OF  STRESS  RATIO 

MATERIAL:  TITANIUM  TI-AAL-4V 

CONDITION:  BETA  PROCESSED-MILL  ANNEALED 
ENVIRONMENT;  R.  T.  ,  DRV  AIR 


DELTA  K 
(KSI*IN««l/2) 


DELTA  K  B 
MIN  C 
D 


DELTA  K  B 
MAX  C 
D 


17.  02 


20.  00 
23.  00 
30.  00 
33.  00 

35.  39 


A 

R“+0.  10 
2.  69 


4.  31 
9.  81 
16.  8 
28.  4 

31.  4 


DA/DN  (10**-6  IN.  /CYCLE) 
B  C 


ROOT  MEAN  SQUARE 
PERCENT  ERROR 


7.  19 


•  V' 

•s-:* 

LIFE 

0.  0-0  3 

hn| 

PREDICTION 

0.  5-0.  8 

RATIO 

0  8-1,  25 

SUMMARY 

1.  25-2.  0 

i 

<NP/NA) 

>2.  0 

4,11-98 


CONDITION/HT:  BETA  PROCESSED-MILL  ANNEALED 
!#21  FORM:  0.  50*’TH  PLATE  YIELD  STRENGTH: 

SPECIMEN  TYPE;  CT  ULT.  STRENGTH; 

•>  :  ORIENTATION:  L-T  SPECIMEN  THK: 

FREQUENCY:  10.  00  HZ  SPECIMEN  WIDTH: 

V:  .V  ENVIRONMENT;  R.  T. .  DRY  AIR  REFERENCESS1332 

/a 


TABLE  4.11.3.26 


FATIGUE  CRACK  GROWTH  RATES  AT  DEFINED  LEVELS 
OF  STRESS  INTENSITY  FACTOR 

DATA  ASSOCIATED  WITH  FIGURE4. 11. 3.26  INDICATING  EFFECT 

OF  ENVIRONMENT 


MATERIAL:  TITANIUM  TI-6AL-4V 

CONDITION:  BETA  PROCESSED-MILL  ANNEALED 


DELTA  K 
<KSI*IN**l/2) 


DA/DN  IN.  /CYCLE) 


A 


B 


C 


D 


E=  R.  T. 
DRY  AIR 


A 

16.  77 

2.  51 

DELTA  K  B 

MIN  C 

D 

20.  00 

4.  66 

25.  00 

9.  56 

30.  00 

16,  9 

35.  00 

27.  0 

A 

36.  12 

30.  9 

DELTA  K  B 
MAX  C 
D 


ROOT  MEAN  SQUARE  h.  2\ 

PERCENT  ERROR 


LIFE  0.  0-0  5 

PREDICTION  0.  5-0.  6 
RATIO  0.8-1.25 

SUMMARY  1 .  25-2.  0 
<NP/NA)  >2  O 


CONDITION/HT  BETA  PROCESSED-MILL  ANNEALED 
FORM:  0. 50"TH  PLATE  YIELD  STRENGTH; 

SPECIMEN  TYPE:  CT  ULT.  STRENGTH: 

ORIENTATION  L-T  SPECIMEN  THK: 

STRESS  RATIO:  -^0.  10  SPECIMEN  WIDTH: 

FREOUENCY:  10.00  HZ  REFERENCESfil332 
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Figure  4. 11. 3. 26 
4,11-101 
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TABLE  4.11.3.27 


FATIGUE  CRACK  GROWTH  RATES  AT  DEFINED  LEVELS 
OF  STRESS  INTENSITY  FACTOR 

DATA  ASSOCIATED  WITH  FIGURE  4 . 11 . 3 . 27INDICATINO  EFFECT 

OF  STRESS  RATIO 


MATERIAL:  TITANIUM  TI-AAL-4V 

CONDITION:  BETA  PR0CE8SED-MILL  ANNEALED 
ENVIRONMENT:  R.  T.  ,  LAB  AIR 


DELT/ 

^  K 

DA/DN  (10**-6  IN.  /CYCLE) 

(KSI*IN**l/2> 

A  B  C  D 

R»<*-0.  10  R— *-0.  50 

A 

14.  50 

.  518 

delta  K  B 

6.  57 

.  0730 

MIN  C 

D 

7.  00 

.  133 

8.  00 

.  387 

9.  00 

827 

10.  00 

1.  47 

13.  00 

4  98 

16.  00 

.  593  13  6 

20.  00 

.  917 

25.  00 

2.  12 

30.  00 

6.  80 

35.  00 

25.  7 

A 

38.  26 

43.  2 

DELTA  K  B 

16.  76 

17.  6 

MAX  C 

D 

ROOT  MEAN 

SQUARE 

13.  98  18.  86 

PERCENT 

ERROR 

LIFE  0.  0-0.  5 

PREDICTION  0.  5-0.  8 
RATIO  0.  e-1  25 
SUMMARY  .1.25-2.0 
<NP/NA)  >2  0 


TABLE  4.11.3.28 


fatigue  crack  growth  rates  at  defined  levels 
OF  STRESS  intensity  FACTOR 

DATA  ASSOCIATED  WITH  FIGURE  4 . 11 . 3.  28 INDICATING  EFFECT 

OF  FREQUENCY 

MATERIAL:  TITANIUM  TI-AAL-4V 

CONDITION:  DB 
ENVIRONMENT:  R.  T.  »  L.  H.  A. 


DELTA  K 
(K8I*IN»«l/2) 


DA/DN  (10**-A  IN.  /CYCLE) 

A  B  C  D 


F<HZ)-  A.  OO 


A:  13.  23 

DELTA  K  B: 

MIN  C: 

D: 


14.  0 


16.  00 

21.  7 

20.  00 

33.  1 

25.  00 

61.  3 

30.  00 

144. 

35.  00 

415. 

A:  37.  82 

1316. 

DELTA  K  B: 

MAX  C: 

D: 

ROOT  MEAN  SQUARE 

12.  23 

PERCENT  ERROR 

LIFE  0.  0-0.  3 
PREDICTION  0.  5-0.  8 

RATIO  0.8-1.25  1 

SUMMARY  1.25-2.0 
(NP/NA)  >2.  0 


CONDITION/HT:  DB 
FORM:  0.  63"TH  PLATE 

SPECIMEN  TYPE:  CT 
ORIENTATION:  T-l. 

STRESS  RATIO:  t-a.  30 
ENVIRONMENT:  R.  T.  ,  L.  H.  A. 


YIELD  STRENGTH:  153.  0  KSI 
ULT.  STRENGTH:  165.0  KSI 
SPECIMEN  THK:  1.  000" 
SPECIMEN  WIDTH:  6.  000" 
REFERENCES:88579 


TABLE  4.11.3.29 


FATIGUE  CRACK  OROMTH  RATES  AT  DEFINED  LEVELS 
OF  STRESS  INTENSITY  FACTOR 

DATA  ASSOCIATED  WITH  FIGURE  4. 11.3. 29INDICATINO  EFFECT 


OF  ENVIRONMENT 


MATERIAL: 

CONDITION 

TITANIUM 

DB 

TI-6AL-4V 

DELTA  K 

DA/DN  (10«*-6  IN. /CYCLE) 

(KSI*lN**l/2) 

A  B  C  0 

E-  R.  T. 

L.  H.  A. 

A 

7.  as 

.  139 

DELTA  K  B 

MIN  C 

0 

8.  00 

.  147 

9.  00 

.  242 

10.  00 

.  397 

13.  00 

1.  52 

16.  00 

4.  41 

20.  00 

12.  1 

25.  00 

25.  6 

30.  00 

35.  2 

A 

32.  73 

36.  6 

DELTA  K  B 

MAX  C 

D 

ROOT  MEAN 

SQUARE 

17.  52 

PERCENT  ERROR 

LIFE  O.  0-0.  S 

PREDICTION  O.  5-0.  8 
RATIO  0.8-1.25 

SUMMARY  1.25-2.0 
<NP/NA)  >2.  0 


1 


0 


CONDITION/HT:  DB 
FORM:  1.50"TH  PLATE 

SPECIMEN  TYPE  CT 
ORIENTATION  T-L 
STRESS  RATIO:  ■►B.  08 
FREQUENCY:  5.  00  HZ 


YIELD  STRENGTH:  115.  0  KSl 
ULT  STRENGTH:  126.0  KSI 
SPECIMEN  THK :  1 .  000  " 

SPECIMEN  WIDTH:  4.  840" 
REFERENCESfl8S79 


AK  (KSI  v^)  AK  (KSI  v/m) 

Figure  4.11.3.29 


4.11-107 


TABLE  4.11.3.30 


w. 


V, 

> 

<(* 


FATIGUE  CRACK  GROWTH  RATES  AT  DEFINED  LEVELS 
OF  STRESS  INTENSITY  FACTOR 

DATA  ASSOCIATED  WITH  FIGURE  4. 11.3. 30INOICATING  EFFECT 


OF  ENVIRONMENT 


MATERIAL:  TITANIUM 
CONDITION:  DB 

T1-6AL-4V 

DELTA  K 

DA/DN  (10#*>6  IN. /CYCLE) 

<K81*lN*«l/2) 

A  B  C  0 

E-  R.  T. 

8.  T.  H. 

A;  12.  21 

.  149 

DELTA  K  B: 

MIN  C: 

D: 

13.  00 

.  469 

16.  00 

1.  90 

20.  00 

8.  20 

25.  00 

22.  2 

30.  00 

41.  4 

35.  00 

65.  8 

40.00 

98.  3 

50.  00 

214. 

A:  54. 03 

296. 

DELTA  K  8: 

MAX  C; 

0: 

ROOT  MEAN  SOUARE 

19.  51 

PERCENT  ERROR 

LIFE  0.  0-0.  S 
PREDICTION  0.  5-0.  8 

RATIO  0.8-1.25  1 

SUMMARY  1.25-2.0 
(NP/fM)  >2.  0 


4. 11-lOfl 


CONDITION/'HT:  DB 
FORM:  8.00"TH  PLATE 

SPECIMEN  TYPE:  CT 
ORIENTATION  T-L 


YIELD  STRENGTH:  1 18.  0  KSl 
ULT.  STRENGTH:  128.0  KSI 
SPECIMEN  THK :  0.  992 " 


TITAN. 

ALLOY 


4 . 11-109 


TABLE  4.11,3.31 


FATIGUE  CRACK  GROWTH  RATES  AT  DEFINED  LEVELS 
OF  STRESS  INTENSITY  FACTOR 

DATA  ASSOCIATED  WITH  FIOURE4. 11. 3 . 31  INDICATING  EFFECT 


OF  ENVIRONMENT 


MATERIAL: 

CONDITION 

TITANIUM 

DB 

T1-6AL-4V 

DELTA  K 

DA/DN  (10««-6  IN.  /CYCLE) 

(K8I«IN*«l/2) 

A  B  C  D 

E-  R.  T. 

S.  T.  W. 

A 

9.  39 

.  371 

DELTA  K  B 

MIN  C 

D 

10.  00 

.  702 

13.  00 

4.  03 

16.  00 

11.  4 

20.  00 

21.  3 

29.  00 

31.  9 

30.  00 

46.  2 

39.  00 

77.  1 

40.  00 

191. 

A 

47.  88 

497. 

DELTA  K  B 

MAX  C 

D 

ROOT  MEAN 

SQUARE 

9.  26 

PERCENT  ERROR 

LIFE  0.  0-0.  9 
PREDICTION  0.  9-0.  8 

RATIO  0.8-1.29  1 

SUMMARY  1.29-2.0 
(NP/NA)  >2.  0 


CONDITION/HT;  DB 
FORM:  8.  00‘'TH  PLATE 

SPECIMEN  TYPE;  CT 
ORIENTATION  S-T 
STRESS  RATIO:  08 

FREQUENCY:  1.00  HZ 


AK  (MPA  v/m) 


^VjR^NMENT: 


4  10  40  100 

-T-TTrTTfTi - r"^[-»TTP|  - 

ENVIRONMENT; 


4  10  40  100 

AK  (KSI  v/m) 


YIELD  STRENGTH:  1 1 4.  0  KSI 
ULT.  strength:  128.0  KSI 
SPECIMEN  THK;  0.083" 
SPECIMEN  WIDTH:  4.  940" 
REFERENCES;85837 
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Figure  4,11.3.31 
4,11-111 


TABLE  4.11.3.32 


MATERIAL:  TITANIUM 
CONDITION:  OB  >  TR 


DELTA  K 
<K8I*IN**i/2) 


FATIGUE  CRACK  GROWTH  RATES  AT  DEFINED  LEVELS 
OF  STRESS  INTENSITY  FACTOR 

DATA  ASSOCIATED  WITH  FIGURE  4.11. 3. 32INDICATINO  EFFECT 

OF  ENVIRONMENT 


TANIUM  TI-6AL-4V 


DELTA  K  B 
MIN  C 
D 


10.  12 


13.  00 
16.  00 


1 

28.  00 

29.  1 

30.  00 

80.  6 

38.  00 

83.  1 

40.  00 

188. 

A; 

44.  78 

337. 

I 

DELTA  K  B: 

MAX  C: 

.% 

0: 

.V 

A 

1** 

ROOT  MEAN 

SQUARE 

18.  99 

PERCENT  ERROR 


LIFE 

PREDICTION 

RATIO 

SUMMARY 

<NP/NA) 


0.  0-0.  8 
0.  8-0.  6 
0.  8-1.  28 
1.  28-2.  0 
>2.  0 


4.11-112 


CONDITION/HT:  DB  TR 
FORM:  1.  S0"TH  PLATE 

SPECIMEN  TYPE:  CT 
ORIENTATION  S-T 
STRESS  RATIO;  08 

FREQUENCY:  1.  00  HZ 


AK  (MPA  vm) 

4  10  40  100 


^V^R^NMENT 


:  R.  t.  , 


4  10  40  100 

I  ■' T'Tin — I'  '  ru'i'i  ' 

ENVIRONMENT: 


4  10  40  100 

AK  (KSI  -v/Tn) 


YIELD  STRENGTH:  111.  0  KSI 
ULT.  STRENGTH;  128.  0  KSI 
SPECIMEN  THK:  1.000" 
SPECIMEN  WIDTH:  5.000" 
REFERENCES:88578 


AK  (MPA  v/m) 
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Figure  4.11.3.32 
4.11-113 
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TABLE  4.11.3.33 


FATIGUE  CRACK  GROWTH  RATES  AT  DEFINED  LEVELS 
OF  STRESS  INTENSITY  FACTOR 

DATA  ASSOCIATED  WITH  FIGURE  4 . 11. 3 . 33INDICATINO  EFFECT 


OF  ENVIRONMENT 


MATERIAL: 

TITANIUM 

TI-6AL-4V 

CONDITION:  OB  2DBTC 

DELTA  K 

DA/DN  (10**-6  IN. /CYCLE) 

(KSI*IN*«l/2) 

A  B  C  0 

E»  R.  T. 

S.  T.  W. 

A 

13.  92 

1.  11 

DELTA  K  B 

MIN  C 

0 

16.  00 

2.  14 

20.  00 

7.  93 

29.  00 

23.  1 

30.  00 

45.  2 

35.  00 

74.  0 

40.  00 

112. 

90.  00 

244. 

60.  00 

549. 

A 

62.  46 

671. 

DELTA  K  B 

MAX  C 

D 

ROOT  MEAN 

SQUARE 

6.  96 

PERCENT  ERROR 

LIFE  0.  0-0.  S 

PREDICTION  0.  S-0.  8 

RATIO  0.8-1.29  1 

SUMMARY  1.29-2.0 
<NP/NA)  >2.0 


CONDITION/HT:  DB  ♦  2DBTC 
FORM:  8.  00“TH  PLATE 

SPECIMEN  TYPE:  CT 
ORIENTATION  T-L 
STRESS  RATIO:  *0,  06 
FREQUENCY:  1.  00  H2 


AK  (MPA  VTTi) 


ENT:  R.  T.  . 


TliinMM 


4  10  40  100 

I  '  I  'I'M  — I ' I'Mi 

ENVIRONMENT: 


4  10  40  100 

AK  (KSI  x/1n) 


YIELD  STRENGTH;  1 14.  0  KSI 
ULT.  STRENGTH:  128.  0  KSI 
SPECIMEN  THK :  0.  893" 
SPECIMEN  WIDTH;  6.  000" 
REFERENCES:85837 


AK  (MPA  -v/m) 


ENVIRONMENT; 


10° 

vs/ 

10  ’ 
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Figure  4.11.3.33 
4.11-115 
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TABLE  4.11.3.34 


FATIGUE  CRACK  GROWTH  RATES  AT  DEFINED  LEVELS 
OF  STRESS  INTENSITY  FACTOR 

DATA  ASSOCIATED  WITH  FIOURE4.il. 3. 34INDICATINO  EFFECT 

OF  ENVIRONMENT 

MATERIAL:  TITANIUM  TI-AAL-4V 

CONDITION:  DB  2DBTC 


DELTA  K 
(KSI*IN**l/2) 


DA/DN  (10«*-6  IN.  /CYCLE) 


A 


B 


C 


D 


E-  R.  T. 
L.  H.  A 


A;  14.  18 
DELTA  K  B: 

MIN  C: 

D. 


2.  37 


16.  00 
20.  00 
23.  00 


5.  81 
8.  36 
30.  9 


A:  26.  83 

DELTA  K  B: 

MAX  C: 

D: 


31.  9 


ROOT  MEAN  SQUARE  16.  76 

PERCENT  ERROR 


CONDITION/HT.  DB  ♦  2DBTC 
FORM:  8.  00"TH  PLATE 

SPECIMEN  TYPE:  CT 
ORIENTATION  S-T 
STRESS  RATIO:  -^0.  08 
..  FREQUENCY:  8.00  HZ 

f.  '  •  ■ > 


YIELD  STRENGTH:  1 14.  0  KSI 
ULT.  STRENGTH:  120.  0  KSI 
SPECIMEN  THK:  0.963" 
SPECIMEN  WIDTH:  4.  950" 
REFERENCES35837 
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Figure  4,11.3.34 


TABLE  4.11.3.35 


FATIGUE  CRACK  GROWTH  RATES  AT  DEFINED  LEVELS 
OF  STRESS  INTENSITY  FACTOR 

DATA  ASSOCIATED  WITH  FIGURE  4. 11. 3. 351NDICAT ING  EFFECT 


OF  ENVIRONMENT 


MATERIAL;  TITANIUM 

TI-6AL-4V 

CONDITION:  DB  +  4DBTC 

DELTA  K 

DA/DN  (10**-6  IN.  /CYCLE) 

(KSI#IN**l/2) 

A  B  C  D 

E=  R.  T. 

S.  T.  W. 

A:  11.85 

.  262 

DELTA  K  B: 

MIN  C; 

D: 

13,  00 

.  473 

16.  00 

2.  26 

20.  00 

9.  02 

25.  00 

25  2 

30.  00 

48.  5 

35.  00 

77.  4 

40.  00 

112. 

50.  00 

209. 

A:  54.  46 

270. 

DELTA  K  B: 

MAX  C. 

0; 

ROOT  MEAN  SQUARE 

13,  83 

PERCENT  ERROR 

LIFE  0.  0-0,  5 

PREDICTION  0.  5-0,  8 

RATIO  O,  8-1  25  1 

SUMMARY  1,25-2,0 
<NP/NA)  >2  0 


CONDITION/HT:  DB  40BTC 
FORM:  8.00-TH  PLATE 

SPECIMEN  TYPE:  CT 
ORIENTATION  T-L 
STRESS  RATIO  ♦B.  08 
FREQUENCY  1.00  HZ 


AK  (MPA  -v/nT) 

4  10  40  100 


^y|.R^NMENT: 


1,0- 


4  10  40  100 


&  10^ 


Z  .5 
■o 


4  10  40  100 

AK  (KSI  >/Tn) 


YIELD  STRENGTH:  1 15.  0  KSI 
ULT.  STRENGTH:  126.  0  KSI 
SPECIMEN  THK  0.890" 
SPECIMEN  WIDTH:  6.000" 
REFERENCES:e5837 


AK  (MPA  Vm) 


4  10 


40  100 


4  10  40  100 


4  10  40  100 

AK  (KSI  v/Tn) 


Figure  4.11.3.35 
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TABLE  4.11.3.36 


[ 


FATIGUE  CRACK  GROWTH  RATES  AT  DEFINED  LEVELS 
OF  STRESS  INTENSITY  FACTOR 

DATA  ASSOCIATED  WITH  FIGURE  4. 11  -  3.  36ind1CATING  EFFECT 

OF  ENVIRONMENT 


MATERIAL:  TITANIUM 
CONDITION:  DBT  +  PC 


DELTA  K 
(KSI«IN»«l/2) 


TI-AAL-4V 


DA/DN  IN.  /CYCLE) 


R.  T. 

S.  T.  U. 


DELTA  K  B 
MIN  C 


10.  37 


13.  00 
16.  00 
20.  00 
25.  00 


.  631 
1.  82 
11.  2 
30.  5 


DELTA  K  B 
MAX  C 
D 


27.  18 


ROOT  MEAN  SQUARE 
PERCENT  ERROR 


41.  3 


24.  25 


LIFE  0.  0-0.  5 
PREDICTION  0.  5-0.  8 
RATIO  0.  B-1.25 
SUMMARY  1.25-2.0 
(NP/NA)  >2. 0 


4.11-120 


CONDITION/HT:  DBT  ♦  PC 
FORM:  2.  50"TH  PLATE 

SPECIMEN  TYPE:  CT 
ORIENTATION-  T-L 
STRESS  RATIO:  *0.  00 
FREQUENCY;  1.00  HZ 


YIELD  STRENGTH:  122.  0  KSI 
ULT.  STRENGTH:  135.0  KSI 
SPECIMEN  THK:  0.350" 
SPECIMEN  WIDTH:  7.  400" 
REFERENCES«8570 
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Figure  4.11.3.36 


4.11-121 


t  • 
:• 


V 

3 


TABLE  4.11.3.37 

fatioue  crack  orowth  rates  at  defined  levels 

OP  STRESS  INTENSITY  FACTOR 

DATA  ASSOCIATED  WITH  FIOURE4.il.  3.  37 INDICATING  EFFECT 

OF  STRESS  RATIO 
T1-AAL-4V 


.  •  k 


MATERIAL:  TITANIUM 
CONDITION:  DBTC 
ENVIRONMENT:  R.  T.  .  L.  H.  A. 


DELTA  K 
<K8X*XN**l/2) 


.  • 

*• 

A 

B 

i 

R«<»0.  08 

30 

3 

A; 

13.  74 

3.  40 

DELTA 

K 

B: 

9.  83 

.  93 

MIN 

C: 

i 

0: 

10.  00 

.  424 

13.  00 

3.  48 

U.  00 

a.  96 

8.  93 

••• 

20.00 

14.4 

19.  4 

n; 

39.  00 

29.  4 

44.  3 

B 

30.  00 

81.  4 

108. 

y 

38.00 

99.  1 

284. 

40.  00 

191. 

483. 

s* 

90.  00 

793. 

2181. 

•.* 

s* 

A: 

98.  30 

1808. 

1  DELTA 

H 

B; 

94.  14 

4408. 

MAX 

C: 

. 

D; 

DA/DN  (10#«-6  IN. /CYCLE) 

C 


ROOT  MEAN  SOUARB 
PERCENT  ERROR 


II.  97 


II.  94 


LIFE 

PREDICTION 

RATIO 

SUMMARY 

(NP/NA> 


0.  0-0.  9 
0.  9-0.  8 
0.  8-1 .  89 
1.  29-8.  0 
>8.  0 


A 

IV 

.V 


V 


4.11-122 


CONOITION/HT:  DBTC 

FORM;  0.  62-  0.  63  "TH  PLATE 

SPECIMEN  TYPE:  CT 

ORIENTATION;  L-T 

FREQUENCY;  1.  00  HZ 

ENVIRONMENT:  R.  T.  .  L.  H.  A. 


AK  (MPA  y/m) 

4  10  40  100 


o  10* 


Z  -5 
-10 

•o 


O  .0- 


4  10  40  100 

1  '  I'l'ni — I  n'^fn  • 

STRESS  RATIO  » 


Si 

a 


Z  - 
5  10* 


4  10  40  100 

AK  (KSI  >/in) 


YIELD  STRENGTH:  138.  0-  140.  0  KSI 
ULT  STRENGTH:  148.0-  150.0  KSI 
SPECIMEN  THK:  0.496-  0.500" 

SPECIMEN  WIDTH:  6.  000" 
REFERENCES  eeSTQ.  85037 
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Figure  4,11.3.37 
4.11-123 
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TABLE  4.11.3.38 


FATIGUE  CRACK  GROWTH  RATES  AT  DEFINED  LEVELS 
OF  STRESS  INTENSITY  FACTOR 

DATA  ASSOCIATED  WITH  FIGURE  4. 11.3. 38INDICATINO  EFFECT 


OF  ENVIRONMENT 


MATERIAL:  TITANIUM  TI-AAL-4V 

CONDITION:  DBTC 


DELTA  K 

DA/DN  (10*«-A 

IN.  /CYCLE) 

(K8I*IN««l/2) 

A 

B 

C 

E-  R.  T. 

E-  R.  T. 

:  L.  H.  A. 

S.  T.  W. 

A:  10.  00 

delta  K  B: 

MIN  C: 

D: 


.  339 


DELTA  K 
MAX 


A 

B 

C 

D 


13.  00 

1.  30 

16.  00 

4.  77 

20.  00 

13.  1 

23.  00 

26.  2 

30.  00 

43.  1 

33.  00 

69.  0 

40.  00 

110. 

30.  00 

283. 

39.  93 

730. 

ROOT  MEAN  SGUARE  29.  28  0.  00 

PERCENT  ERROR 


LIFE  O.  0-0.  3 

PREDICTION  0.  3-0.  8  1 

RATIO  0.  B-1.  25 

SUMMARY  1.  23-2.  0 
<NP/NA)  >2.  0 


CONDITION/HT:  DBTC 
FORM:  1.  25"TH  PLATE 

SPECIMEN  TYPE:  CT 
ORIENTATION  L-T 
STRESS  RATIO:  ♦B.  30 
FREQUENCY:  1.  00  HZ 


YIELD  STRENGTH:  125.  0  KSI 
ULT.  STRENGTH:  137.  0  KSI 
SPECIMEN  THK:  0.  000-  1.  000" 

SPECIMEN  WIDTH:  6.000" 
REFERENCESS857B.  85837 
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Figure  4.11.3.3B 


4,11-125 


TABLE  4.11.3.39 


FATIGUE  CRACK  GROWTH  RATES  AT  DEFINED  LEVELS 
OF  STRESS  INTENSITY  FACTOR 

DATA  ASSOCIATED  WITH  FIGURE  4,11. 3. 39INDICATING  EFFECT 

OF  ENVIRONMENT 


MATERIAL: 

TITANIUM 

TI-6AL-4V 

CONDITION 

DBTC 

DELTA  K 

DA/DN  (10*#-6  IN.  /CYCLE) 

(KSI*lN**l/2> 

ABC 

D 

E-  R.  T. 

L.  H.  A. 

A 

9.  62 

.  S64 

DELTA  K  B 

MIN  C 

D 

10.  00 

.  867 

13.  00 

1.  45 

U.  00 

4.  62 

20.  00 

12.  8 

25.  00 

24.  0 

30,  00 

41.  1 

35.  00 

69,  8 

40.  00 

114. 

50.  00 

278. 

A 

56.  48 

685. 

DELTA  K  B 
MAX  C 
D 


ROOT  MEAN  SOUARE  14. 29 

PERCENT  ERROR 


LIFE 

0.  0-0  5 

PREDICTION 

0.  8-0  8 

RATIO 

0.  8-1.  28 

SUMMARY 

1, 25-2  0 

<NP/NA> 

>2  0 

4.11-126 


'  CONDITION/HT:  DBTC 

I  FORM:  1.25"TH  PLATE 

SPECIMEN  TYPE:  CT 
-  ORIENTATION  T-L 

STRESS  RATIO:  -*■0.  30 
.•V  FREQUENCY:  1.00  HZ 


YIELD  STRENGTH:  128.  0  KSI 
ULT.  STRENGTH:  139.0  KSI 
SPECIMEN  THK:  1.000" 
SPECIMEN  WIDTH:  8.  000" 
REFERENCES:88579 
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Figure  4.11.3.39 
4.11-127 


TABLE  4.11.3.40 


fatigue  crack  growth  rates  at  defined  levels 

OF  STRESS  INTENSITY  FACTOR 

DATA  ASSOCIATED  WITH  FIGURE  4 . 11 . 3. 40indicATINO  EFFECT 


OF  ENVIRONMENT 


MATERIAL: 

TITANIUM 

TI-6AL-4V 

CONDITION 

DBTC 

DELTA  K 

DA/DN  (10**-6  IN.  /CYCLE) 

(KSI«IN««l/2) 

A  B  C  D 

E=  R.  r. 

S.  T.  U. 

A 

6.  24 

.  115 

DELTA  K  B 

MIN  C 

D 

7.  00 

.  122 

8.  00 

.  192 

9.  00 

.  349 

10.  00 

.  629 

13.  00 

2.  52 

16.  00 

6.  33 

20.  00 

13.  9 

25.  00 

27.  4 

30.  00 

48.  6 

35.  00 

84.  4 

A 

36.  57 

100. 

DELTA  K  B 

MAX  C 

D 

ROOT  MEAN 

SQUARE 

33.  64 

PERCENT  1 

iRROR 

LIFE  0.  0-0.  5 

PREDICTION  O.  5-0.  8 

RATIO  0.  B-1  25  2 

SUMMARY  1.25-2  0  1 

<NP/NA)  >2.0 


4.11-128 


CONDITION/HT:  DBTC 
FORM;  1.  50"TH  PLATE 
SPECIMEN  TYPE;  CT 
ORIENTATION  L-T 
STRESS  RATIO:  -0.  08 
FREQUENCY:  1.  00  HZ 


YIELD  STRENGTH:  1 17.  0-  124.  0  KSI 
ULT.  STRENGTH:  120.  0-  138.  0  KSI 
SPECIMEN  THK:  0.000-  1.000" 

SPECIMEN  WIDTH;  7.  400" 
flEFERENCES:8057fl.  85837 


4  10  40 

AK  (KSI  v/Tn) 


4  10  i 

AK  (KSI  v/Tn) 


Ficjure  4.11.3.40 


4.11-129 


TITAN. 

ALLOY 


TI-6AL- 

4V 


TABLE  4.11.3.41 


FATIGUE  CRACK  GROWTH  RATES  AT  DEFINED  LEVELS 
OF  STRESS  INTENSITY  FACTOR 

DATA  ASSOCIATED  WITH  FIOW?E  4. 11 .  .3. 41  INDICATING  EFFECT 

OF  ENVIRONMENT 


MATERIAL:  TITANIUM 

TI-6AL* 

•4V 

CONDITION;  DBTC 

DELTA  K 

DA/DN  <10**-6  IN.  /CYCLE) 

(K8I*IN»«l/2) 

A 

B  C 

D 

E"  R.  T. 

E-  R.  T. 

L.  H.  A. 

6.  T.  U. 

A:  12. 36 

.  999 

DELTA  K  B;  9.  01 

1.  16 

MIN  C: 

D; 

10.  00 

1.  63 

13.  00 

1.  31 

4.  86 

16.  00 

3.  42 

9.  41 

20.  00 

7.  70 

IS.  4 

25.  00 

15.  2 

37.  3 

30.  00 

26.  0 

35.  00 

41,  9 

40.  00 

66.  5 

50.  00 

169. 

A;  57.  13 

336. 

DELTA  K  B:  29.65 

68.  3 

MAX  C; 

D: 

ROOT  MEAN  SQUARE 

8.  80 

14.  34 

PERCENT  ERROR 

LIFE 

PREDICTION 

RATIO 

SUMMARY 

(NP/NA) 


0.  0-0.  S 
0.  5-0,  B 
0.  8-1.  25 
1.  25-2,  0 
>2  0 


4.11-130 


CONDITION/HT:  D8TC 
FORM;  1.  50 "TH  PLATE 
SPECIMEN  TYPE;  CT 
ORIENTATION  T-L 
STRESS  RATIO:  -0.  08 
FREQUENCY:  1.  00  HZ 


YIELD  STRENGTH:  1 10.  0-  125.0  KSI 
ULT.  STRENGTH:  134.0-  135.0  KSI 
SPECIMEN  THK;  0.960-  0.994" 

SPECIMEN  WIDTH:  7.  390-  7.  460" 

REFERENCES:88570.  85837 


AK  (MPA  y/m) 


AK  (MPA  v^) 

4  10  40  100 


Figure  4.11.3.41 


table  4.11.3.42 


FATIGUE  CRACK  GROWTH  RATES  AT  DEFINED  LEVELS 
OF  STRESS  INTENSITY  FACTOR 

DATA  ASSOCIATED  WITH  FIGURE  4 . 11. 3. 42inDICATING  EFFECT 

OF  ENVIRONMENT 


MATERIAL: 

TITANIUM 

TI-6AL-4V 

CONDITION 

DBTC 

DELTA  K 

DA/DN  (l0**-6  IN.  /CYCLE) 

(KSI*IN**l/2) 

A  B  C  D 

E“  R.  T. 

STW/JP4 

A 

9.  95 

.  448 

DELTA  K  B 

MIN  C 

D 

10.  00 

.  430 

13.  00 

.  892 

16.  00 

2.  13 

20.  00 

5.  48 

25.  00 

14.  0 

30.  00 

27,  0 

A 

32.  61 

33.  8 

delta  K  B 

MAX  C 

D 

ROOT  MEAN 

SQUARE 

9.  81 

PERCENT 

ERROR 

LIFE 

PREDICTION 

RATIO 

SUMMARY 

(NP/NA) 


O.  0-0.  5 
0.  5-0,  8 
0.  8-1.  25 
1.  25-2  O 
>2.  0 


CONDITION/HT;  DBTC 
FORM:  2.  50" TH  PLATE 

SPECIMEN  TYPE:  CT 
ORIENTATION  T-L 
STRESS  RATIO:  -^0.  08 
.  ^  FREQUENCY:  1.00  HZ 


YIELD  STRENGTH:  119.0  KSI 
ULT.  STRENGTH:  132.0  KSI 
SPECIMEN  THK:  1.000" 
SPECIMEN  WIDTH:  4.  940" 
REFERENCES:8857g 


TITAN. 

ALLOY 


AK  (MPA  v^) 


m 


i  «> 


i 

I 

I 

I 


V, 

■ .  ^ 


AKiFSI  v^) 


®  E 


;5 


10 

10- 

io' 

10 

io‘ 

10' 

itf' 

® 

■2 


AK  (MPA  >/m) 

4  10  40  100 

I  '  I ' I'm ■■ 


T-nTm — 

ENVIRONMENT: 


I  I  1  iJiJU 


I  I  l  ilili 


TI-8AL- 

4V 


10  ’ 


10'^  ^ 

u 

> 

u 

,o'| 

10“'  1 


—  10' 


,-5 


dio' 


1  4  10  40  100 

■|  '■I'i'i'i — I'  '  I  'I'm — ^ 

ENVIRONMENT: 


10  t 


,•3 


10 


10 


10' 


.-6 


10 


10' 


10 


,-8 


J  -ul  I-Lili 


.1,4  IlIiU 


10' 


10' 


10'^  z 

u 

>. 

o 


■3  E 


10 


10"^  1 
•D 


-d  10' 


^10 


.-6 


4  10  40  100 

AK  (KSI  >/Tn) 


Figure  4.11.3.42 


vV 


4.11-133 


TABLE  4.11.3.43 


FATIGUE  CRACK  GROWTH  RATES  AT  DEFINED  LEVELS 
OF  STRESS  INTENSITY  FACTOR 


DATA  ASSOCIATED  WITH  FIGURE ^ • H- 3. 43inDICATING  EFFECT 

OF  STRESS  RATIO 


MATERIAL:  TITANIUM  TI-&AL-4V 

CONDITION;  DBTC(RA> 

ENVIRONMENT:  R.  T.  .  L.  H.  A. 


DELTA  K 
(K8I«lN««l/2) 

A 

DA/DN  <10**-A  IN. /CYCLE) 

B  C 

R-+0.  30 

DELTA 

MIN 

A: 

K  B: 
C: 
0: 

30.  88 

37.  1 

35.  00 
40.  00 

114. 

182. 

DELTA 

A: 
K  B: 

40.  98 

198. 

ROOT  MEAN  SQUARE 
PERCENT  ERROR 


13.  89 


LIFE  O.  0-0.  5 
PREDICTION  0.  S-0.  8 
RATIO  0.8-1.25 

SUMMARY  1.25-2.0 
(NP/NA)  >2.  0 


4.11-134 


CONDITION/HT:  DBTC  <RA5 
FORM:  0.  63"TH  Fi-ATE 

SPECIMEN  TYPE:  CT 
ORIENTATION:  L-T 
FREQUENCY:  1.00  HZ 

. ENVIRONMENT:  R.  T. .  L.  H.  A. 


YIELD  STRENGTH:  134.  0  KSI 
ULT.  STRENGTH:  145.0  KSI 
SPECIMEN  THK:  0.  500" 
SPECIMEN  WIDTH:  0.000" 
REFERENCES:8e57B 


4  10 

I  '  I  '  I'PI  ■ 
STRESS  RATIO 


10° 

(D 

id' 

10  ’ 

10  ^ 

Id 

10'^ 

id' 

10'^ 

10‘ 

10* 

id* 

10 

10'° 

id 

10° 

® 

TITAN. 

ALLOY 


TI-OAL- 

4V 


10'^  1 
■D 


1  4  10  40 

=  I  '  I  'Pi'i — 

”  STRESS  RATIO  = 


o  10'^ 


10’^  Z 


4  10  4'J 

AK  ;KSI  \/ln) 


Figure  4.11.3.43 
4.11-135 


4  10  - 

AK  (KSI 


10'^  "is 


TABLE  4,11.3.44 

FATIGUE  CRACK  GROWTH  RATES  AT  DEFINED  LEVELS 
OF  STRESS  INTENSITY  FACTOR 

DATA  ASSOCIATED  WITH  FIGURE  4. 11 . 3.441NDICATING  EFFECT 

OF  STRESS  RATIO 

TANIUM  TI-AAL-4V 


MATERIAL:  TITANIUM 
CONDITION:  MA 
ENVIRONMENT:  R.  T.  .  L.  H.  A. 


DELTA  K 

OA/DN  <10**-4 

IN.  /CYCLE) 

(K81»IN**l/2) 

A 

B 

C 

R-^0.  08 

R-+0.  30 

R-+0.  90 

A:  7.  69 

DELTA  KB:  6.  42 

.  424 

.  929 

MIN  C:  8.  04 

.  930 

14.  00 
20.  00 

29.  00 

30.  00 

A: 

30.  40 

DELTA 

K  B: 

17.  28 

MAX 

C: 

20.  31 

D: 

ROOT  MEAN  8GUARE 

12.  96 

13.  89 

PERCENT  ERROR 

PREDICTION  O.  9-0.  8 
RATIO  0.8-1.29 

SUMMARY  1.29-2.0 
(NP/NA)  >2.  0 


4.11-136 


CONDITION/HT:  MA 
FORM:  0,  10-TH  SHEET 

SPECIMEN  TYPE:  CCP 
ORIENTATION:  L-T 
FREQUENCY:  6.  00  HZ 

ENVIRONMENT:  R.  T. ,  L.  H.  A. 


AK  (MPA  v/m) 

4  10  40  100 


4  10  40  100 

T~n“TrFl - r-npTW” 

STRESS  RATIO  =  -»-0.  50 


4  10  40  100 

AK  (KSI  V^) 


YIELD  STRENGTH:  137.  0  KSI 
ULT.  STRENGTH:  147.0  KSI 
SPECIMEN  THK.  0.  093-  0,  101 " 

SPECIMEN  WIDTH:  23.  980-  24.  220” 
REFERENCES86575 


AK  (MPA  y/m) 

4  10  40  100 


10° 

vs/ 

10’ 

10' 

10  ^ 

10‘ 

10'^ 

10" 

10'^ 

10‘ 

10'^ 

10^ 

10® 

io' 

10* 

STRESS  RATIO  =  +0.  30 


10° 

vs/ 

10' 

10’ 

10 

10'^ 

io‘ 

-3 

10 

10’ 

10'^ 

.1 

10 

10® 

10' 

10® 

10* 

1  4  10  40  100 

E~r'’  1 1 1'l'i — r-nrnw 

r  STRESS  RATIO  = 


4  10  40 

AK  (KSI  v/7n) 


Figure  4.11.3.44 


4.11-137 


TITAN. 

ALLOY 


TI-BAL- 

4V 


lO  "*  ^ 

•D 


10'^  z 


z 

10  n 
"D 


TABLE  4.11.3.45 


,v 

*  » 


>■ 

.s 


»  * 


V 

V 

V 


FATieUE  CRACK  GROWTH  RATES  AT  DEFINED  LEVELS 
OF  STRESS  INTENSITY  FACTOR 


DATA  ASSOCIATED  WITH  FIGURE  4- 3.45inijICATING  EFFECT 


OF  ENVIRONHENT 


MATERIAL: 

TITANIUM 

TX-6AL' 

-4V 

CONDITION: 

MA 

DELTA  K 

OA/DN  (l0i»*-'6 

IN.  /CYCLE) 

(K8I«IN«*l/2) 

A 

B 

C 

0 

K 

1 

III 

E-  R,  T. 

E«  R.  T. 

L.  H.  A. 

JP-4  FUEL 

8.  T.  U. 

IHZ 

6HZ 

IHZ 

A 

9.  64 

1.  36 

DELTA  K  B 

8.  05 

1.  10 

MIN  C 

9.  67 

.  49 

D 

6.  00 

.  909 

7.  00 

.  743 

8.  00 

1.  16 

9.  00 

1.  23 

1.  91 

10.  00 

1.  97 

1.  47 

3.  22 

13.  00 

4.  02 

2.  88 

19.  0 

16.  00 

7.  47 

9.  82 

30.  2 

20.  00 

12.  9 

12.  9 

29.  00 

24.  2 

30.  00 

30.  2 

A 

24.  97 

19.  3 

DELTA  K  B 

30.  98 

30.  3 

MAX  C 

19.  01 

37.  1 

D 

ROOT  MEAN 

111 

1 

13 

1 

7.  29 

21.  18 

6.  77 

PERCENT  ERROR 

LIFE 

PREDICTION 

RATIO 

SUMMARY 

<NP/NA) 


O.  0-0,  S 
0.  S-0.  8 
O.  8-1.  29 
1.  29-2.  0 
>2.  0 


1 


’i 


4.11-138 


CONDITION/HT:  MA 
FORM:  0.  IB-TH  SHEET 

SPECIMEN  TYPE  CCP 
ORIENTATION  L-T 
STRESS  RATIO:  -^2.  08 
^  ,  FREQUENCY: 


AK  (MPA  v/m) 

I  10  40  100 


(  10  40  100 

rwi — I  i^iTTr" 

^NMENT :  T. » 


4  10  40  100 

AK  (KSI  vTn) 


YIELD  STRENGTH:  137.  0  KSI 
ULT.  STRENGTH:  147.0  KSI 
SPECIMEN  THK:  0.  0S2‘  0.000" 

SPECIMEN  WIDTH:  24.  000" 
REFERENCES:eeS7S 


AK  (MPA  y/m) 
4  10  4( 


.jrSHZ 


ENVIRONMENT:  R.  T 
JP-4  fuel 
8HZ _ _ 


10° 

10’ 

10'' 

10* 

ia 

10* 

10‘ 

la" 

10’ 

10* 

itf' 

10* 

icr 

10’' 

1  4  10  4 

s~r-npTnTi 

-  ENVIRONMENT: 


4  10  * 

AK  (KSI  s/Tn) 


K1  gur*'  4 , 1 1 .  3 . 4'> 
4,U-11'3 


TITAN. 

ALLOY 


TI-6AL- 

4V 


TABLE  4.11.3.46 


:•  MATERIAL;  TITANIUM 
::  CONDITION:  HA 


DELTA  K 
(K81*IN#*l/2) 


FATZOUE  CRACK  OROWTH  RATES  AT  DEFINED  LEVELS 
OF  STRESS  INTENSITY  FACTOR 

DATA  ASSOCIATED  WITH  FIOURE 4.11.3.  46inDICATINO  EFFECT 

OF  ENVIRONMENT 


TANIUM  TI-AAL-4V 


DELTA  K  B 
‘A  MIN  C 
D 


DELTA  K  B: 


E-  R.  T. 
L.  H.  A. 


DA/DN  IN.  /CYCLE) 

B  C 

E-  R.  T. 

8.  T.  U. 


11.  92 

2.  24 

13.  00 

3.  04 

lA.  00 

9.  14 

20.  00 

9.  22 

39.  00 

14.  7 

30.  00 

28.  0 

39.  00 

44.  3 

40.  00 

47.  9 

44.  84 

44.  0 

ROOT  MEAN  80UARE 
RBRCENT  ERROR 


LIFE  0.  0-0.  9 

FRSDICTZON  0. 9-0.  8 
RATIO  O.S-1.39 

•UHHARY  1.29-3.0 
(NP/NA)  >2. 0 


4.11-14P 


I  Li 


Larik.  iA 


CONDITION/HT:  MA 
FORM:  0.  10“TH  SHEET 

SPECIMEN  TYPE;  CCP 
ORIENTATION  T-L 
STRESS  RATIO;  -^0.  08 
FREQUENCY;  8.  00  H2 


AK  (MPA  >/m) 

4  10  40  100 

I  '  I  >  Ml>l - r-iTTil'l 

NVIRQNMENT;  R.  T.  , 


ENVIRQh 

L.  H.  A. 


4  10  40  100 

~r''l J  I'I'I - r  '  I  '  I'I'I 

ENVIRONMENT: 


4  10  40  100 

AK  (KSI  >/Tn) 


YIELD  STRENGTH:  143.  0  KSI 
ULT.  STRENGTH;  151.  0  KSI 
SPECIMEN  THK:  0.096-  0.097" 

SPECIMEN  WIDTH:  24.  000" 
REFERENCESSe575 


10° 

10^ 

10  ’ 

10° 

10'* 

10^ 

10-^ 

10° 

lO"* 

10° 

10® 

10'^ 

10° 

10'* 

10° 

® 

10'^ 

10  ’ 

10° 

10'^ 

10* 

lO"* 

10° 

10'* 

i0* 

10® 

10’^ 

10® 

10° 

AK  (MPA  v/rn) 
4  10  4 

TTrrrni — 

ENVIRONMENT;  R.  1 

S.  T.  W. 


1  4  10 

=  1  '  I  '  I'I'I 

-  ENVIRONMENT; 


4  10  4 

AK  (KSI  -s/m) 


Figure  4 . 11 . 3. 46 
4.11-141 


lO  "*  ^ 
■o 


10'^  ^ 


z 

.  ■D 

10  n 
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TABLE  4.11.3.47 


FATIGUE  CRACK  OROUTH  RATES  AT  DEFINED  LEVELS 
OF  STRESS  INTENSITY  FACTOR 

DATA  ASSOCIATED  WITH  FIGURE  4. 11. 3.47indiCATINO  EFFECT 


OF  STRESS  RATIO 


MATERIAL:  TITANIUM 
CONDITION:  MA 
ENVIRONMENT:  R.  T. 

TI-6AL-4V 

.LAB  AIR 

DELTA  K 

DA/DN  (l0**-6  IN. /CYCLE) 

(KSI*IN**l/2> 

A  B  C  0 

R«+0.  02 

A:  4.  82 

.  0166 

DELTA  K  B: 

MIN  C: 

D: 

5.  00 

.  0193 

6.  00 

.  0414 

7.  00 

.  0822 

8.  00 

.  192 

9.  00 

.  266 

10.  00 

.  442 

13.  00 

1.  99 

ih.  00 

4.  34 

20.  00 

12.  4 

25.  00 

33.  9 

30.  00 

71.  4 

39.  00 

129. 

A:  38.  83 

189. 

delta  K  B: 

MAX  C: 

D: 

ROOT  MEAN  SQUARE 

27.  99 

PERCENT  ERROR 

LIFE  0,  0-0.  9 
PREDICTION  0.  9-0.  8 

RATIO  0.8-1.29  2 

SUMMARY  1.29-2.0 
<NP/NA)  >2.  0 


4.11-142 


TABLE  4.11.3.48 


FATIOUE  CRACK  GROWTH  RATES  AT  DEFINED  LEVELS 
OF  STRESS  INTENSITY  FACTOR 

DATA  ASSOCIATED  WITH  FIGURE  4.11. 3. 48INDICATINO  EFFECT 

OF  ENVIRONMENT 

MATERIAL:  TITANIUM  TI-AAL>4V 

CONDITION:  MA 


DELTA  K 
<KBI«IN**l/2) 


DA/DN  IN. /CYCLE) 

A  B  C  D 


E-  R.  T.  E-  R.  T.  E-  R.  T. 

L.  H.  A.  L.  H.  A.  S.  T.  W. 

8F.  THK.  47*  8F.  THK.  50"  8P.  THK.  49“ 


A: 

26.  09 

144. 

DELTA 

K  B: 

11.  30 

4.  69 

MIN 

C: 

10.  36 

21.  1 

0: 

13.  00 

S.  27 

33.  8 

16.  00 

20.  4 

47.  9 

20.  00 

72.  6 

S7.  9 

25.  00 

492. 

30.  00 

313. 

2286. 

35.  00 

679. 

A: 

DELTA  K  ■: 
MAX  C: 


0: 


39.  74 
33.  26 
23.  71 


1469. 


3567. 


198. 


ROOT  MEAN  MUARE  7.  55  17.  59  22.  03 

PERCENT  ERROR 


LIFE  0.  0-0.  5 
PREDICTION  0.  5-0.  8 
RATIO  0.8-1.25 

SUMMARY  1.25-2.0 
<NF/NA)  >2.  0 


1 


1 


1 


CONDITION/HT:  MA 
FORM:  0.e3"TH  PLATE 

SPECIMEN  TYPE:  CT 
ORIENTATION  L-T 
STRESS  RATIO:  -0.  30 
FREQUENCY:  1.  00  HZ 


YIELD  STRENGTH:  138.  0  KSl 
ULT.  STRENGTH:  148.0  KSI 
SPECIMEN  THK: 

SPECIMEN  WIDTH:  6.  000" 
REFERENCES:e8579 


AK  (KSl  v/Tn) 

Figure  4.11.3.48 

AK  (KSl  -y/m) 

4.11-145 

TABLE  4.11. 3.49 

FATIGUE  CRACK  GROWTH  RATES  AT  DEFINED  LEVELS 
OF  STRESS  INTENSITY  FACTOR 

DATA  ASSOCIATED  WITH  FIGURE  4. 11.3. 49INDICATINO  EFFECT 

OF  STRESS  RATIO 

MATERIAL;  TITANIUM  TI-6AL-4V 

CONDITION:  MA 

ENVIRONMENT:  R.  T.  ,  LAB  AIR 


DELTA  K 
(K81*IN««l/2} 


R-+0.  09 


DA/DN  IN.  /CYCLE) 


R»+0.  30 


DELTA  K  B 
MIN  C 
D 


11.  31 
8.  78 


9.  00 
10.  00 
13.  00 
16.  00 
20.  00 

29.  00 

30.  00 
39.  00 


.  313 


.  968 
2.  98 
6.  97 
9.  ao 
13.  a 
29.  4 


.  429 
.  995 
3.  46 


delta  K  B: 
MAX  C: 
D; 


38.  24 
14.  23 


49.  0 


4.  08 


ROOT  MEAN  SQUARE 
PERCENT  ERROR 


24.  23 


22.  40 


LIFE 

PREDICTION 

RATIO 

SUMMARY 

<NP/NA) 


0.  0-0.  9 
O.  9-0.  8 
O.  8-1.  29 
1.  29-2.  0 
>2.  O 


4.11-146 


V.N 


CONDITION/HT:  MA 
FORM:  0.7S"TH  PLATE 

SPECIMEN  TYPE:  CT 
ORIENTATION:  L-T 
FREQUENCY.  20.00  HZ 
ENVIRONMENT:  R.  T.  .  LAB  AIR 


YIELD  STRENGTH:  135.  3  KSI 
ULT.  STRENGTH:  137.6  KSI 
SPECIMEN  THK:  0.  250" 
SPECIMEN  WIDTH:  2.  500" 
REFERENCES:8e468 


TITAN. 

ALLOY 


TI-6AL- 

4V 


AK  (MPA  v/fn) 

4  10  40  100 


4  10  40  100 

T  '  T  I Tl - 1  '  I  '  I'lT" 

STRESS  RATIO  = 


AK  (MPA  y/m) 

4  10  40 

T  '  I'm — r-T-pT 

STRESS  RATIO  =  ^0.  30 


4  10  40  100 

1  '  I  '  1^ - r  '  1  '  MIT 

STRESS  RATIO  = 


10  (5 

•D 


4  10  40  100 

AK  (KSI  -N/In) 


Figure  4 . 1). .  3 . 4'» 
4.11-147 


4  10  40 

AK  (KSI  v/Tn) 


10'^  ^ 
u 
u 

,’“'1 

z 

10  is 


TABLE  4.11.3.50 


FATIGUE  CRACK  GROWTH  RATES  AT  DEFINED  LEVELS 
OF  STRESS  INTENSITY  FACTOR 

DATA  ASSOCIATED  WITH  FIGURE  4.11.  3. 50IND1CATINO  EFFECT 

OF  ENVIRONMENT 

MATERIAL:  TITANIUM  TI-AAL-4V 

CONDITIOl:  MA 


DELTA  K 
(K8I*!N**1/R> 


DA/DN  (10*#-6  IN.  /CYCLE) 

A  B  C  D 


E=<  R.  T. 

LAB  AIR 


A:  31.  29 

DELTA  K  B; 

MIN  C: 

D; 


17.  0 


3S.  00 
40.  00 
50.  00 


25.  5 
39.  6 
9L.  5 


A:  59.  30 

wcLTA  K  B: 

MAX  C: 

D: 


220. 


ROOT  MEAN  SQUARE  8.  28 

PERCENT  ERROR 


LIFE  0.  0-0.  5 

prediction  O.  5-0.  8 

RATIO  0.8-1.25  1 

SUMMARY  1.25-2.0 
(NP/NA)  >2.  0 


4.11-148 


■5— 


TABLE  4.11.3.51 


FATIGUE  CRACK  GROWTH  RATES  AT  DEFINED  LEVELS 
OF  STRESS  INTENSITY  FACTOR 

DATA  ASSOCIATED  WITH  FIGURE  4. 11 . 3 .  SIindiCATINO  EFFECT 


OF  STRESS  RATIO 


MATERIAL:  TITANIUM 

TI-6AL- 

4V 

CONDITION:  MA 

ENVIRONMENT:  R.  T. 

.LAB  AIR 

DELTA  K 

DA/DN  ( 10**-6  IN.  /CYCLE) 

<K8I«IN**i/2) 

A 

B  C 

D 

R— 1.  00 

R*+0.  50 

A:  a.  as 

.  632 

DELTA  KB:  5.  43 

.  380 

MIN  C: 

D: 

6.  00 

.  734 

7.  00 

1.  77 

a.  00 

3.  40 

9.  00 

.  688 

5.  65 

10.  00 

1.  14 

a.  52 

13.  00 

3.  27 

21.  2 

16.  00 

6.  55 

41.  9 

20.  00 

12.  8 

92.  4 

25.  00 

24.  a 

206. 

30.  00 

44.  0 

316. 

35.  00 

75.  3 

381. 

40.  00 

127. 

524. 

50.  00 

328. 

60.  00 

724. 

70.  00 

1345. 

80.  00 

2115. 

90.  00 

2858. 

A:  92.  48 

3016. 

DELTA  K  B:  49.27 

1688. 

MAX  C: 

D; 

ROOT  MEAN  SQUARE 

10.  15 

18.  86 

PERCENT  ERROR 

LIFE  0.  0-0.  5 
PREDICTION  0.  5-0.  8 
RATIO  0.  8-1  25 
SUMMARY  1.25-2.0 
(NP/NA>  >2.0 


CONDITION/HT;  MA 
FORM;  l.00**TH  PLATE 
SPECIMEN  TYPE:  CCP 
ORIENTATION:  L-T 
FREQUENCY;  10.00  HZ 
ENVIRONMENT;  R.  T.  .  LAB  AIR 


AK  (MPA  vfTi) 

4  10  40  100 


4  10  40  100 

TT-p-pn - 1  I  I  I  IT'I 

STRESS  RATIO  = 


4  10  40  100 

AK  (KSI  >/m) 


YIELD  STRENGTH:  132.  5  KSI 
ULT.  STRENGTH:  138.0  KSI 
SPECIMEN  THK:  0.  250" 
SPECIMEN  WIDTH:  4.  000" 
REFERENCES;MA006 


AK  (MPA  >/m) 

4  10  40  100 


10° 

vs/ 

10‘ 

10* 

10‘ 

10  ^ 

io' 

10  ^ 

10 

10"* 

.{ 

10 

10* 

10"' 

10® 

10'* 

STRESS  RATIO  =  ^0,  50 


I 

I 

I 

I 


1  4  10  40 

=  I  '  I '  I'l'i — r"nr 

“  STRESS  RATIO  = 


4  10  40 

AK  (KSI  v/Tn) 


■■I 

I 


Figure  4.11.3.51 
4.11-151 


TITAN. 

ALLOY 


TI-6AL- 

4V 


10'^  o 


10'^  I 

•D 


10'^  oT 


2 
^  -o 

10  « 
T) 


TABLE  4.11.3.52 


FATIOUE  CRACK  OROyTH  RATES  AT  DEFINED  LEVELS 
OF  STRESS  INTENSITY  FACTOR 

DATA  ASSOCIATED  WITH  FIOURE  4.II,  3. 52IND1CATINO  EFFECT 

OF  ENVIRONMENT 


MATERIAL:  TITANIUM 
CONDITION:  MA 


TI-6AL-4V 


DELTA 

K 

DA/DN  (10«*-6 

IN.  /CYCLE) 

(KSI«IN««l/2) 

A 

B 

C 

E—  69F 

E— *•  179F 

AIR 

AIR 

A: 

29.  62 

26.  3 

DELTA  K 

B: 

17.  93 

8.  97 

MIN 

G: 

0: 

20.  00 

11.  7 

29.  00 

20.  6 

30.  00 

95.  6 

31.  8 

39.  00 

198. 

46.  9 

40.  00 

1900. 

66.  6 

90.  00 

139. 

60.  00 

280. 

A; 

41.  96 

9479. 

delta  K 

B: 

69.  73 

429. 

ROOT  MEAN  SQUARE 

39.  40 

11.  28 

PERCENT  ERROR 

LIFE  0.  0-0.  3 
PREDICTION  0.  9-0.  8 
RATIO  0.8-1.29 

SUMMARY  1.29-2.0 
(NP/NA>  >2.  O 


4.11-152 


CONDITION/HT:  MA 
FORM;  1.00"TH  PLATE 
SPECIMEN  TYPE:  CT 
ORIENTATION  T-L 
STRESS  RATIO:  -^0.  10 
FREQUENCY:  0.  10-  10.  00  HZ 


AK  (MPA  Vm) 

4  10  40  100 

I  '  I '  i'ii| — r  TJJ'J.'i — ^ 

EN^ipONME^NT:  -  05 '  F,  —  10 


4  10  40  1( 

I  '  I  'l'J'l - 1  1|  I|ITI| 

ENVIRONMENT; 


4  10  40  100 

AK  (KSI  v/7n) 


yield  STRENGTH: 

ULT.  STRENGTH: 

SPECIMEN  THK:  1.000" 
SPECIMEN  WIDTH:  2.  550 
REFERENCES;eei44 


AK  (MPA  y/m) 
4  10  41 


10® 

(D 

10^ 

10  ' 

lor- 

10'^ 

K^' 

10'^ 

io' 

lO"" 

10’^ 

10* 

Iff* 

10*' 

10® 

® 

10"' 

10’ 

ia 

10* 

i0' 

10* 

10 

10* 

10* 

10* 

icr 

10* 

io' 

ENVIRONMENT: i; 
AIR 


4  10  4 

I  '  I '  Pin 

ENVIRONMENT: 


4  10  < 

AK  (KSI  v^) 


Klqurf.*  4.11 , 1.'.2 


TITAN. 

ALLOY 


TI-OAL- 

4V 


TABLE  4.11.3,53 


FATJOUE  CRACK  GROWTH  RATES  AT  DEFINED  LEVELS 
OF  STRESS  INTENSITY  FACTOR 

DATA  ASSOCIATED  WITH  FIGURE  4. 11. 3. 53indiCATINO  EFFECT 

OF  ENVIRONMENT 


MATERIAL:  TITANIUM 
CONDITION:  MA 


TI-AAL-4V 


DELTA  K 
(KEl«IN»*l/2> 


E-  R.  T. 
L.  H.  A. 

1-6HZ 


DA/DN  IN. /CYCLE) 


E-  R.  T. 
8.  T.  W. 

IHZ 


A: 

DELTA  K  B: 
MIN  C: 
D: 


4.  99 
8.  19 


7.  00 
S.  00 
9.  00 
10.  00 
IS.  00 
14.  00 
80.  00 

89.  00 
30.  00 

39.  00 

40.  00 

90.  00 


.  133 


.  187 
.  803 
.  284 
.  419 
3.  88 
9.  87 
84.  7 
38.  3 
49,  7 
48.  7 
109. 

403. 


.  434 
.  989 
8.  89 
11.  3 
31.  9 
98.  4 
77,  8 


DELTA  K  B: 


99.  47 
38.  78 


84.  7 


ROOT  MEAN  BGUARE 

14.  83 

22.  37 

PERCENT  ERROR 

FREOZCTION  0.  9-0.  8 
RATIO  0.8-1.29 
SUMMARY  1.29-2  0 
(NP/NA)  >2.  0 


4.11-154 


CONDITION/HT:  MA 
FORM:  1.25"TH  PLATE 

SPECIMEN  TYPE:  CT 
ORIENTATION  L-T 


YIELD  STRENGTH:  12SL  0  KSI 
ULT.  STRENGTH:  134.  0  KSI 
SPECIMEN  THK:  0.090-  0.097" 


TITAN. 

ALLOY 


Fiqure  4.11. 3.53 


m 


4.11-155 


TABLE  4.11.3.54 


FATIGUE  CRACK  GROWTH  RATES  AT  DEFINED  LEVELS 
OF  STRESS  INTENSITY  FACTOR 


DATA  ASSOCIATED  WITH  FIGURE  4 . 11 . 3 . 54indicATIN©  EFFECT 


OF  STRESS  RATIO 


MATERIAL:  TITANIUM 
CONDITION:  MA 
ENVIRONMENT:  R.  T.  .  L.  H.  A. 


TI-AAL-4V 


DELTA  K 

DA/DN  (10**-6  IN. /CYCLE) 

<KSI«IN«»l/2> 

ABC 

R*+0.  30 

A 

6.  36 

.  14 

DELTA  K  B 

MIN  C 

D 

7.  00 

.  147 

B.  00 

.  195 

9.  00 

.  293 

10.  00 

.  460 

13.  00 

1.  63 

16.  00 

4.  30 

20.  00 

11.  2 

25.  00 

26.  4 

30.  00 

48.  3 

35.  OO 

75.  9 

40.  00 

113. 

50.  00 

255. 

A 

58.  57 

557. 

DELTA  K  B 

ROOT  MEAN  SQUARE 
PERCENT  ERROR 


12.  47 


0.  5 

PREDICTION  0.  S-O.  8 
RATIO  0.0-1.25 
SUMMARY  1.  25-2.  0 
<NP/NA)  >2.0 


4.11-156 


i  CONDITION/HT:  MA 

tfi  FORM:  1.5"TH  PLATE 

>  SPECIMEN  TYPE:  CT 

^  ORIENTATION:  L-T 

FREQUENCY:  1.  00-  6.  00  H2 

ENVIRONMENT;  R.  T. .  L.  H.  A. 


YIELD  STRENGTH:  120.  1  KSI 
ULT.  STRENGTH:  134.  1  KSI 
SPECIMEN  THK:  1.000" 
SPECIMEN  WIDTH;  8.  000" 
REFERENCESS43ei 


I  ® 


4  10  40 

AK  (KSI  v/m) 


4  10  40 

AK  (KSI  >/m) 


Flqurc  4,11.  "1. '.4 
4,ll-l'i7 


TITAN. 

ALLOY 

1 

TI-6AL- 

4V 


^  c  cc  V  c  1.' • 'A  j*a 


TABLE  4.11.3.55 


FATIGUE  CRACK  GROWTH  RATES  AT  DEFINED  LEVELS 
STRESS  INTENSITY  FACTOR 


DATA  ASSOCIATED  WITH  FIGURE  4. 11 . 3. 55inDICATINO  EFFECT 


OF  STRESS  RATIO 


MATERIAL:  TITANIUM  T 

CONDITION:  HA 

ENVIRONMENT:  R.  T.  .  LAB  AIR 


TI-6AL-4V 


DELTA  K 
(K8I*ZN«*l/2> 


DA/DN  (10«*-6  IN. /CYCLE) 


R«<K).  02 


DELTA  K  B 
MIN  C 
0 


9.  91 


.  0339 


6.  00 

.  0340 

7,  00 

.  0446 

8.  00 

.  0493 

9.  00 

.  0994 

10.00 

.  194 

13.  00 

.  994 

1*.  00 

1.  71 

20.00 

9.  92 

29.  00 

19.  4 

30.00 

44.  1 

39.00 

84.  0 

40.  00 

133. 

44,  29 

171. 

DELTA  K  ■: 


ROOT  MEAN  SQUARE 
FERCENT  ERROR 


39.  6A 


LIFE 

0.  0-0.  9 

PREDICTION 

0.  9-0.  8 

RATIO 

0.  8-1.  29 

2 

SUMMARY 

1.  29-2.  0 

(NP/NA> 

>2.  0 

4.11-158 

TABLE  4.11.3.56 


fatigue  crack  orouth  rates  at  defined  levels 

OF  STRESS  INTENSITY  FACTOR 
DATA  ASSOCIATED  WITH  FIGURE-!  •  H •  3.  56  INDICATING  EFFECT 

OF  STRESS  RATIO 


MATERIAL:  TITANIUM 
CONDITION:  NA 
ENVIRONMENT:  R-  T. 

T1-6AL- 

•  L.  H.  A. 

-4V 

DELTA  K 

DA/DN  (10««-6 

IN.  /CYCLE) 

<K8I«IN«*l/2) 

A 

B 

C  D 

R-4-0.  08 

R-t>0.  30 

R-+0.  50 

A:  7.  76 

.  147 

DELTA  K  B:  11.48 

1.  20 

MIN  C:  10.  32 

1.  70 

0: 

8.  00 

.  161 

9.  00 

.  241 

10.  00 

.  373 

13.  00 

1.  36 

3.  31 

5.  53 

16.  00 

4.  04 

9.  32 

9.  75 

20.  00 

11.  7 

16.  8 

17.  3 

25.  00 

25.  9 

38.  1 

47.  0 

30.  00 

36.  2 

66.  0 

94.  0 

A:  34.  01 

36.  7 

DELTA  KB:  30.  00 

66.  0 

MAX  C:  30.  83 

94.  6 

D: 

ROOT  MEAN  SQUARE 

21.  28 

14.  01 

B.  00 

PERCENT  ERROR 

LIFE 

PREDICTION 

RATIO 

SUMHARY 

<IMf»/NA) 


0.  0-0.  S 
Q.  S-0.  8 
0.  8-1.  2S 
1.  2S-2.  0 
>2.  0 


4.11-160 


■t’4  ‘tfe.-.' 


CONDITION/HT:  MA 
FORM;  EXTRUSION 
SPECIMEN  TYPE;  CT 
ORIENTATION;  L-T 
FREOUENCY:  6.00  HZ 

ENVIRONMENT;  R.  T.  ,  L.  H.  A. 


AK  (MPA  y/m] 


YIELD  STRENGTH;  122.  0-  123.5  K8X 
ULT.  STRENGTH;  135.5-  130.0  KSI 
SPECIMEN  THK;  0.  003-  0.  007" 

SPECIMEN  WIDTH;  3.770-  4.040" 

REFERENCES85e37 


AK  (KSI  Vin) 


AK  (KSI  v^) 


Figure  4.11.3.56 


4 . 11-161 


TAbi-E  4.11.3.57 


FATIGUE  CRACK  GROWTH  RATES  AT  DEFINED  LEVELS 
OF  STRESS  INTENSITY  FACTOR 

DATA  ASSOCIATED  WITH  FIGURE4 . 11. 3. 57  INDICATING  EFFECT 


OF  ENVIRONMENT 


MATERIAL: 

TITANIUM 

TI-6AL- 

•4V 

CONDITION: 

MA 

DELTA 

K 

OA/DN  (10««-6 

IN.  /CYCLE) 

<KSI*IN**i/2) 

A 

B 

C 

D 

E-  R.  T. 

E-  R.  T. 

E»  R.  T. 

L.  H.  A. 

J.  P.  4 

S.  T.  W. 

A: 

13.  17 

1.  91 

DELTA  K  B. 

18.  10 

a.  27 

MIN  C: 

11.  48 

1.  39 

0: 

13.  00 

1.  82 

ih.  00 

9.  07 

9.  04 

20.  00 

13.  9 

12.  0 

14.  3 

29.  00 

2B.  7 

29.  1 

32.  4 

30.  00 

46.  9 

43.  9 

93.  9 

39.  00 

68.  2 

68.  4 

80.  4 

40.  00 

97.  1 

103. 

117. 

90.  00 

266. 

A; 

42.  99 

116. 

DELTA  K  B: 

46.  81 

171. 

MAX  C; 

91.  63 

308. 

D: 

ROOT  MEAN  SQUARE 
PERCENT  ERROR 

13.  77 

3.  38 

8.  04 

LIFE  0.  0-0.  9 

PREDICTION  09-0.8 

RATIO  0.8-1.29  1  1  1 

8UMHARY  1.29-2.0 
(NP/NA)  >2.0 


CONDITION/HT  MA 

FORM:  EXTRUSION  YIELD  STRENGTH:  123.  5-  127-0  KSI 

SPECIMEN  TYPE:  CT  ULT.  STRENGTH:  135.5-  139.0  KSI 

ORIENTATION  L-T  SPECIMEN  THK:  0.994-  1.000" 


STRESS  RATIO:  ♦0.08  SPECIMEN  WIDTH:  3.770" 

FREQUENCY:  1.  00  HZ  REFERENCES:B5837.  80579 


4.  1  1  11.  ) 


TABLE  4.11.3.58 


MATERIAL:  TITANIUM 
CONDITION:  MA 


FATIGUE  CRACK  GROWTH  RATES  AT  DEFINED  LEVELS 
OF  STRESS  INTENSITY  FACTOR 

DATA  ASSOCIATED  WITH  FIGURE  4. 11 . 3 . 58 INDICATING  EFFECT 

OF  ENVIRONMENT 
TANIUM  TI-AAL-4V 


DELTA 

K 

DA/DN  (10**-6 

IN. /CYCLE) 

(KSI*IN**I/2> 

A 

B 

C 

E-  R.  T. 

E«  R.  T. 

L.  H.  A. 

S.  T.  W. 

6HZ 

6HZ 

A: 

13.  81 

1.  76 

DELTA  K 

B: 

9.  22 

.  42B 

MIN 

C: 

D: 

10.  00 

.  620 

13.  00 

1.  97 

16.  00 

9.  21 

4.  67 

20.  00 

12.  7 

11.  1 

2S.  00 

19.  9 

24.  8 

30.  00 

36.  0 

49.  1 

39.  00 

71.  6 

A: 

32.  77 

90.  6 

DELTA  K 

B: 

39.  27 

98.  9 

MAX  C; 

ROOT  MEAN  SQUARE 
PERCENT  ERROR 


16.  43 


LIFE  0.  0-0.  9 

PREDICTION 

0.  9-0.  8 

RATIO 

0.  8-1.  29 

1 

1 

SUMMARY 

1.  29-2.  0 

\NP/NA) 

>2.  0 

■1.  1 

CONDITION/HT;  MA 
FORM:  EXTRUSION 
SPECIMEN  TYPE:  CT 
ORIENTATION  T-L 
STRESS  RATIO:  ♦0.  08 
FREQUENCY; 


AK  (MPA  v/m) 

4  10  40  100 

I  '  I  '  I'I'I - 1„'4  M'l'l 

^V^R^NMENT;  R.  T.  . 

8HZ‘ 


4  10  40  100 

I'M  I'I'I - 1  '  I  'I'I'I 

ENVIRONMENT: 


4  10  40  100 

AK  (KSI  V^) 


YIELD  STRENGTH;  125.  0  KSI 
ULT.  STRENGTH:  142.0  KSI 
SPECIMEN  THK:  0.084" 
SPECIMEN  WIDTH:  3.  770" 
REFERENCES:e5837 


AK  (MPA  v^) 
4  10  4 

J  'J'l'IM - 1”'" 

ENVIRONMENT:  R.  1 

S.  T.  W. 

6HZ 


10° 

■  2 

10 

10’ 

10-' 

10'* 

■  4 

10 

lO-^" 

10^ 

10'^ 

10* 

10* 

Id' 

10* 

10* 

1  4  10 

E;  I  '  I  '  I'I'I - 

-  ENVIRONMENT: 


4  10 

AK  (KSI  V^) 


I'i ijur*’  ‘1.11,  1 ,  '.H 

'I,  1 


10  “*  I 

13 


10  ^  s 


10^  ^ 
t3 


TABLE  4.11.3.59 

FATIGUE  CRACK  GROWTH  RATES  AT  DEFINED  LEVELS 
OF  STRESS  INTENSITY  FACTOR 

DATA  ASSOCIATED  WITH  FIGURE  4. 11.3. 59INDICATING  EFFECT 


OF  ENVIRONHENT 


MATERIAL: 

CONDITION 

TITANIUM 

MA 

TI-AAL- 

■4V 

DELT< 

\  K 

DA/DN  <10««-6 

IN.  /CYCLE) 

<KSI*IN**l/2) 

A 

B 

C 

E=  R.  T. 

E-  R.  T. 

E»  R.  T. 

LAB  AIR 

S.  T.  W. 

SIM.  SEA  WATER 

1-20HZ 

1-lOHZ 

1-lOHZ 

A 

12.  95 

.  690 

delta  k  b 

10.  SA 

1.  21 

MIN  C 

10.  22 

.  987 

0 

13.  00 

.  712 

2.  42 

2.  42 

lA.  00 

3.  12 

3.  16 

4.  84 

20.  00 

9.  30 

11.  2 

9.  69 

23.  00 

21.  0 

23.  9 

19.  3 

30.  00 

33.  A 

43.  9 

34.  3 

35.  00 

33.  1 

73.  8 

38.  3 

40.  00 

83.  7 

116. 

93.  9 

30.  00 

202. 

234. 

242. 

AO.  00 

348. 

496. 

380. 

70.  00 

1660. 

A 

74.  97 

2988. 

DELTA  K  B 

60.  69 

318. 

MAX  C 

66.  66 

1019. 

0 

ROOT  MEAN  SQUARE 
PERCENT  ERRC» 

10.  14 

27.  32 

31.  04 

LIFE 

0.  0-0.  3 

PREDICTION 

0.  5-0,  8 

RATIO 

0.  8-1.  25 

2 

2 

2 

SUMMARY 

1.  23-2.  0 

(NP/NA) 

>2.  0 

4. 1 


CONDITION/HT:  MA 

FORM:  1,80"TH  EXTRUSION 

SPECIMEN  TYPE:  CT 

ORIENTATION  L-T 

STRESS  RATIO:  *0.  10 

FREQUENCY: 


AK  (MPA  \/rf)) 

4  10  40  100 


4  10  40  100 


4  to  40  100 

AK  (KSI  v/^) 


YIELD  STRENGTH.  124.  4  KSI 
ULT.  STRENGTH:  135,3  KSI 
SPECIMEN  THK:  1.000-  1.003" 

SPECIMEN  WIDTH:  4.  500" 
REFERENCES:NC002 


AK  (MPA  \/m) 
4  10  4 


TITAN. 

ALLOY 

] 

10® 

Ve; 

10' 

10' 

10* 

ICT' 

10* 

lO" 

(O'* 

10' 

(O'* 

10 ' 

10« 

lO 

10® 

io-‘ 

® 

ENVIRONMENT:  R.  1 


:2ri 


Mbfc 


4  10  4 

7  ■'  I '  I'i'i — r-T“ 
ENVIRONMENT: 


4  10 

AK  (KSI  •s/m) 


M'/ur.'  4.11.  I.'.'t 
4.  n-I(.7 


TI-OAL- 

4V 


10'*  Z 


,0=1 


10'^  ^ 
•D 


10'^  £ 
U 

10-^1 


TABLE  4.11.3.60 


fatioue  crack  orowth  rates  at  defined  levels 

OF  STRESS  INTENSITY  FACTOR 

DATA  ASSOCIATED  WITH  FIGURE  4 . 11 . 3.6CInqICaTINO  EFFECT 

OF  ENVIRONMENT 


MATERIAL;  TITANIUM  TI-6AL-4V 

CONDITION:  HA 


DELTA  K 

DA/DN  (10««-6 

IN.  /CYCLE) 

(K8I«IN**l/2) 

A 

B 

C 

E-  R.  T. 

E-  R.  T. 

E»  R.  T. 

LAB  AIR 

S.  T.  W. 

SIM.  SEA  WATER 

9-30HZ 

1-lOHZ 

1-lOHZ 

A:  11.73 

1.  23 

DELTA  K  B:  10.  9S 

2.  31 

MIN  C:  10.  92 

2.  98 

D: 

13.  00 

2.  34 

4.  93 

3.  88 

16.  00 

6.  39 

11.  3 

9.  08 

20.  00 

13.  7 

29.  9 

18.  0 

29.  00 

24.  8 

47.  7 

31.  2 

30.  00 

39.  9 

67.  3 

47.  3 

39.  00 

61.  7 

90.  6 

69,  1 

40.  00 

98.  6 

128. 

100. 

90.  00 

201. 

324. 

220. 

60.  00 

938. 

A;  99.  40 

863. 

DELTA  K  B:  96.  74 

737. 

MAX  C:  63.  99 

874. 

D: 

ROOT  MEAN  SQUARE 

11.  97 

17.  66 

28.  94 

PERCENT  ERROR 


LIFE  0.  0-0,  9 

PREDICTION  0.  9-0.  8  1 

RATIO  0.0-1.39  2  2 

SUMMARY  1.29-2.0 
<NP/NA)  >2.0 


1 


CONOITION/HT:  MA 

FORM:  1.  80"TH  EXTRUSION 

SPECIMEN  TYPE:  CT 

ORIENTATION  T-L 

STRESS  RATIO:  -0.10 

FREOUENCY: 


YIELD  STRENGTH  126.  6  KSI 
ULT.  STRENGTH:  138.8  KSI 
SPECIMEN  THK:  1.000-  1.003" 

SPECIMEN  WIDTH:  4.  500" 
REFERENCES:NC002 


TITAN. 

ALLOY 


TI-6AL- 

4V 


AK  <MPA  %/m) 

4  10  40  100 

T  — rrnTTT" 

5-20HZ 


2  -s 

5  10  I 

«  L 

■o  I 


10*  L — 1-, 


4  10  40  100 


.jT  1~10HZ 


I  -o  f 


1  >  1  <  1 >1  I  ‘I 
4  to  40 
4.K  (KSI  v^) 


10° 

(D 

10' 

10' 

10'^ 

10' 

10'^ 

10‘ 

lO"* 

1C 

10'* 

10* 

10® 

10' 

10° 

10’' 

® 

10’ 

10' 

10  * 

10' 

10'^ 

10^ 

10'^ 

10* 

10^ 

io' 

10® 

io’ 

10* 

AK  (MPA  v/m) 
4  10  4( 

i  'JM'I'I - r~r  1 

ENVIRONMENT:  R.  T 

S.  T.  W. 

1-10HZ 


1  4  10  40 

Er' "I  '  I ' I'i'i — r~n^ 

-  ENVIRONMENT 


4  10  41 

AK  (KSI  vin) 


10'^  ^ 


>0-1 

10'^  I 

■u 


10-  5 


10- I 


■  !  '(uri-  <1,11. 


V  V*  ••  ^  ^  ^  >  .5  . 


TABLE  4.11.  3.61 

FATIGUE  CRACK  GROWTH  RATES  AT  DEFINED  LEVELS 
OF  STRESS  INTENSITY  FACTOR 

DATA  ASSOCIATED  WITH  FIGURE  4. 11. 3.61indICATING  EFFECT 

OF  ENVIRONMENT 
TANIUM  TI-6AL-4V 


MATERIAL;  TITANIUM 
CONDITION:  MA 


DELTA  K 

DA/DN  <10**-6 

IN.  /CYCLE) 

(KSI*IN**l/2) 

A 

D 

C 

E=  R.  T. 

E»  R.  T. 

E=  R.  T. 

DRY  ARGON 

DRY  AIR 

SIMULATED  FUEL 

10H2 

08-10H2 

.  0Q-10H2 

A: 

DELTA 

K 

B:  IS  25 

5.  87 

MIN 

C;  13.  51 

2.  61 

D: 

16.  00 

7.  15 

5.  95 

20.  00 

15.  6 

14.  2 

25.  00 

30.  9 

31.  1 

30.  00 

55.  5 

63.  1 

35.  00 

99.  4 

130. 

40.  00 

183. 

280. 

50.  00 

696. 

1513. 

A: 

DELTA 

K 

B:  51.67 

882. 

MAX 

C;  31.  36 

1932. 

ROOT  MEAN  SQUARE 

0.  00 

59.  69 

39.  37 

PERCENT  ERROR 

PREDICTION  0,  5-0  a 
RATIO  0,  B-1  25 
SUMMARY  1  25-?  0 
<NP/NA)  >2.0 


4.11-17 


.  ^  ^li,'  I. 


CONDITION/HT;  MA 
FORM;  2.  00"TH  FORCING 
SPECIMEN  TYPE;  DCB 
ORIENTATION  L-T 
STRESS  RATIO;  ♦O.  02 
FREQUENCY; 


AK  (MPA  \/tr\) 

A  10  40  100 


FW 

-jh  10HZ 


T;  R.  t. , 


«  lO  '* 


5  10' 


4  10  40  100 


.j  -  .  0e-i0H2 


R.  t. ; 

EL 


a> 

o  10'^ 


YIELD  STRENGTH;  127.  0-  145.  0  KSI 
ULT.  STRENGTH.  130.0-  1S8.  0  KSI 
SPECIMEN  THK;  0.  7S0'* 

SPECIMEN  WIDTH;  5.  500" 
REFERENCES;843e0 


(MPA  Vm) 
4  10  41 

J  '  JTipj - 

•NVIRONMENT;  R.  T 


TITAN. 

ALLOY 


4  10  40  100 

AK  (KSI  \/m) 


10° 

vs/ 

id* 

10  ’ 

10^ 

10  ^ 

10'- 

10'^ 

10* 

lO" 

id* 

10‘* 

Id' 

10'° 

id* 

10° 

® 

id* 

10’ 

10^ 

10'^ 

10^ 

10=* 

Id* 

10- 

id* 

10'^ 

Id' 

10* 

Id* 

1  4  10 

fc  I  '  I  '  nTM — 

p  ENVIRONMENT 


10  ^  ^ 


7. 

4  ^ 
10  ^ 
•o 


4  10  - 

AK  (KSI  s/m) 


'  l')ijr<.-  4  ,  1  1  .  3 .  I 
'1.11-171 


r»,V'  v-.  ir,  rf-;  r^^w-j  ▼'.  ▼-•  \r«  -^ .  - 

V 

V 


<• 

V 

V 

V 

V 


TABLE  4.11.3.62 

fatigue  crack  growth  rates  at  defined  levels 

OF  STRESS  intensity  FACTOR 
DATA  ASSOCIATED  WITH  FIGURE  4 . 11. 3.62  INDICATING  EFFECT 

OF  ENVIRONMENT 


MATERIAL;  TITANIUM  TI-6AL-4V 

CONDITION:  MA 


DELTA 

K 

DA/DN  ( l0**-6 

IN. /CYCLE) 

<K8I*IN**l/2) 

A 

0 

C 

e-  R.  T. 

E-  R.  T. 

DIST.  WATER 

3.  57.  NACL 

10H2 

1-lOHZ 

A; 

delta  k  b. 

21.  94 

13.  3 

MIN  C: 

D: 

25.  00 

29.  1 

30.  00 

61.  4 

35.  00 

93.  1 

40.  00 

123. 

50.  00 

197. 

60.  00 

342. 

70.  00 

694 

SO.  00 

1657. 

A: 

DELTA  K 

B: 

02.  01  ; 

2010 

MAX 

C; 

D; 

ROOT  MEAN  SQUARE  0.00  41  05 

PERCENT  ERROR 


LIFE  0.0-0.  5 
PREDICTION  0.  5-0.  8 
RATIO  0.8-1  25 
SUMMARY  1.25-2.0 
(NP/NA>  >2.0 


I 


TABLE  4.11.3.63 


•  ^.*  ^  -v 


I 


I 

I 

':a: 

>  A 


V^ 

r.'f. 

':v: 


*•> 

*•'> 


•-'A* 


m 

.•,v 
.* '✓ 


.  I*.'-: 

tTJ 


•M 

:^::x 

•V* 

-V 

-V 

.S'- 


FATIOUE  CRACK  GROWTH  RATES  AT  DEFINED  LEVELS 
OF  STRESS  INTENSITY  FACTOR 

DATA  ASSOCIATED  WITH  FIGURE  4. 11.  3.63indICAT1NG  EFFECT 

OF  STRESS  RATIO 


MATERIAL;  TITANIUM 
CONDITION;  MA 
ENVIRmMENT;  R.  T. 

TI-6AL-4V 

.LAB  AIR 

DELTA  K 

DA/DN  <10**-6  IN. /CYCLE) 

(K8I*IN«*i/2> 

A  B  C  D 

R-+0. 02 

A 

18.  15 

6.  34 

DELTA  K  B 
MIN  C 

D 

20.  00 

8.  18 

25.  00 

15.  7 

30.  00 

29.  2 

35.  00 

53.  0 

40.  00 

95.  0 

50.  00 

292. 

60.  00 

857. 

A 

60.  61 

914. 

DELTA  K  B 
MAX  C 

D 

ROOT  MEAN 

SQUARE 

13.  19 

PERCENT  ERROR 

LIFE 

PREDICTION 

RATIO 

SUHMARY 

(NP/NA) 


O.  0-0.  S 
0.  5-0.  8 
O.  8-1.  25 
1.  25-2.  0 
>2.  0 


4.11-174 


CONDITION/HT:  MA 

FORM:  4.  5B''TH  FORGING 

SPECIMEN  TYPE:  WOL 

ORIENTATION:  L-T 

FREQUENCY:  1.  B0-  30.  00  HZ 

ENVIRONMENT:  R.  T.  .  LAB  AIR 


YIELD  STRENGTH:  130.  0  KSI 
ULT  STRENGTH:  139.0  KSI 
SPECIMEN  THK:  0.553-  0.  555" 

SPECIMEN  WIDTH:  4.  999-  5.  000" 

REFeRENCES:MA002 


AK  (MPA  i/m)  AK  (MPA  v^) 

4  10  40  100  4  10  40  100 


AK  (KSI  v/in)  AK  (KSI  -^/Tn) 


TITAN. 

ALLOY 

TI-6AL- 

4V 

10  ’ 


10 


E 

E 


10“ 


z 

X5 

nj 

•D 


10'^ 


10® 


10° 


10’ 


10'^  ^ 


o 

>. 

u 


10  “ 


z 

•D 

•D 


10® 


10 


6 


f  i'lure  -1 .  !  1  .  3  .  f- J 


-1  .  !  1  -1  7  ; 


TABLE  4.11.3.64 


FATIGUE  CRACK  GROWTH  RATES  AT  DEFINED  LEVELS 
OF  STRESS  INTENSITY  FACTOR 

DATA  ASSOCIATED  WITH  FIGURE  4. 11. 3,64INDICATINO  EFFECT 


OF  STRESS  RATIO 


MATERIAL:  TITANIUM 

TI-6AL-4V 

CONDITION:  MA 

1300F  2HR8 

AC 

ENVIRONMENT:  *  300F. AIR 

DELTA  K 

DA/DN  (10**-A 

IN,  /CYCLE) 

(K6I«IN*«l/2) 

A 

B 

C 

D 

R-+0  00 

R-+0.  29 

n"+0.  94 

A:  10.  32 

610 

DELTA  KB:  10.  79 

1.  01 

MIN  C:  7.  74 

,  989 

D: 

8  00 

,  621 

9.  00 

.  829 

10.  00 

1.  19 

13.  00 

1.  29 

2  98 

3  77 

Ih.  00 

2.  79 

6,  11 

9.  69 

20  00 

6.  72 

13,  9 

29.  00 

16.  1 

28.  1 

30.  00 

31.  4 

39.  00 

92,  2 

40.  00 

76,  6 

A:  44,  22 

97,  8 

DELTA  KB:  27.  30 

37.  7 

MAX  C:  19.  93 

20.  8 

D: 

ROOT  MEAN  SQUARE 

20,  23 

28.  07 

43.  68 

PERCENT  ERROR 

LIFE  0,  0-0,  9 
PREDICTION  0.  9-0  8 
RATIO  0.  8-1  29 
BUMtlARV  1 . 29-2,  0 
<NP/NA)  >2,  0 


CONOITION/HT:  MA  1300F  2HRS  AC 
FORM:  1.  75"TH  DISK 

SPECIMEN  TYPE:  KB  BAR 
ORIENTATION;  L-R 
FREQUENCY;  0.  33  HZ 
ENVIRONMENT:  ♦  300®  F.  AIR 


AK  (MPA  Vm) 

4  10  40  100 


4  10  40  100 

’  r »  p]''Pi — mnw" 

STRESS  RATIO  >  54 


• 

1 

-V 

M. 

1 

1 

1 

r: 

m 

rr 

YIELD  STRENGTH:  120.  0  KSI 
ULT  STRENGTH; 

SPECIMEN  THK:  0.  244-  0.  250" 

SPECIMEN  WIDTH:  1.  000-  1.  005" 

REFERENCESCE007 


AK  (MPA  v^) 

4  10  40  IOC 


10° 

(D 

10  ’ 

10‘‘ 

10^ 

10- 

10'^ 

10 ' 

10* 

10' 

10'* 

10  ‘ 

10* 

10’ 

10' 

4  10  *10  100 

AK  (KSI  v/Tn) 


STRESS  RATIO  =  ■♦■B.  25 


o 

o 

10’ 

10  ' 

10‘* 

10^ 

10’’ 

10'^ 

10'* 

10* 

10* 

10'“ 

10'* 

icr^ 

10-* 

TITAN. 

ALLOY 


TI-6AL- 

4V 


Figure  4.11.3.64 
4.11-177 


10'^ 


2 

"D 

10*  ^ 
■D 


10'^  » 


z 

^  tJ 
10  « 


4  10  40  100 

AK  (KSI  v^) 


TABLE  4.11.3.65 


FATIGUE  CRACK  GROWTH  RATES  AT  DEFINED  LEVELS 
OF  STRESS  INTENSITY  FACTOR 

DATA  ASSOCIATED  WITH  FIGURE  4 . 11 . 3. 65  INDICATING  EFFECT 

OF  STRESS  RATIO 


MATERIAL;  TITANIUM  TI-6AL-4V 

CONDITION;  MA  1300F  2HRS  AC 
ENVIRONMENT;  +  600F. AIR 


DELTA  K 

DA/DN  (10#*-6 

IN. /CYCLE) 

(KSI*IN**l/2> 

A 

B 

C 

R*+0.  00 

R«+0.  25 

R=+0.  54 

A;  10.  19 

1.  49 

DELTA  K 

B;  8.  78 

1.  23 

MIN 

C.  8.  13 

.  684 

D; 

9.  00 

1.  21 

.  964 

10.  00 

1.  24 

1.  46 

13.  00 

2.  32 

2.  08 

4.  75 

16.  00 

3.  90 

4  36 

12.  4 

20.  00 

7.  83 

11.  2 

30.  9 

25.  00 

18.  0 

28.  1 

30.  00 

39.  4 

35.  00 

81.  4 

40.  00 

160. 

A.  41.78 

202. 

DELTA  K 

B;  28.  82 

46.  2 

MAX 

C;  20.  36 

32.  9 

ROOT  MEAN  SQUARE 

21.  78 

23.  65 

26.  02 

PERCENT  ERROR 

PREDICTION 

RATIO 

SUMMARY 

<NP/NA) 


S 

0.  5-0.  8 
0  8-1.  25 
1. 25-2.  0 
>2.  0 


4.11-178 


TABLE  4.11.3.66 


5 


•:v 

'.V 


5; 


t 

¥ 

V 

>v 

►23 


FATIGUE  CRACK  GROWTH  RATES  AT  DEFINED  LEVELS 
OF  STRESS  INTENSITY  FACTOR 

DATA  ASSOCIATED  WITH  FIGURE  4 . 11 . 3 .66  INDICATING  EFFECT 

OF  STRESS  RATIO 


MATERIAL:  TITANIUM 
CONDITION:  RA 
ENVIRONMENT;  R.  T. 

TI-6AL-4V 

.  H.  H.  A. 

DELTA  K 

DA/DN  (10««-6  IN. /CYCLE) 

(K8I*IN«*i/2) 

A 

B  C 

D 

R-^^.  10 

R-+0.  90 

A:  8.  50 

2.  47 

DELTA  KB:  4.  8A 

.  289 

MIN  C: 

D; 

9.  00 

.  326 

6.  00 

.  698 

7.  00 

1.  21 

8.  00 

1.  89 

9.  00 

2.  81 

2.  69 

10.  00 

3.  97 

3.  63 

13.  00 

6.  80 

8.  44 

16.  00 

12.  0 

19.  2 

20.  00 

23.  8 

64.  9 

29.  00 

91.  6 

30.  00 

109. 

39.  00 

203. 

40.  00 

378. 

A:  42.  13 

487, 

DELTA  KB:  22.  81 

169. 

MAX  C: 

D; 

ROOT  MEAN  SQUARE 

8.  97 

13.  03 

PERCENT  ERROR 

LIFE 

PREDICTION 

RATIO 

SUMHARY 

(NP/NA) 


0.  0-0.  9 
0.  9-0.  8 
0.  a-1.  29 
1.  29-2.  0 
>2.  0 


4.  ll-lRn 


AK  (KSI  VTn)  |KSI  >/m) 


Fj  gure  4 . 1 1 . 3 . 66 


4.11-181 


TABLE  4.11.3.67 


FAT I CUE  CRACK  OROUTH  RATES  AT  DEFINED  LEVELS 
OF  STRESS  INTENSITY  FACTOR 

DATA  ASSOCIATED  WITH  FIGURE  4. 11. 3.67INDICATINO  EFFECT 


OF  FREQUENCY 


MATERIAL:  TITANIUM 
CONDITION:  RA 
ENVIRONMENT:  R.  T. 

TI-6AL- 

.  3.  5X  NACL 

4V 

DELTA  K 

DA/DN  (10**-6  IN. /CYCLE) 

<KSl*IN««l/2) 

A 

B  C 

D 

F(HZ)-  0.  10 

F<H2)»  10.00 

A:  a.  36 

2.  00 

DELTA  KB:  8.  72 

2.  33 

MIN  C: 

D: 

9.  00 

2.  47 

2.  79 

10.  00 

3.  50 

4.  86 

13.  00 

9.  45 

15.  6 

16.  00 

21.  1 

32.  6 

20.  00 

44.  7 

63.  0 

25.  00 

74,  0 

111. 

30.  00 

166. 

35.  00 

237. 

40.  00 

321. 

A:  26.  41 

79.  4 

delta  KB;  42.  SO 

370. 

MAX  C: 

0: 

ROOT  MEAN  SQUARE 

9.  04 

9.  11 

PERCENT  ERROR 

LIFE  0.  0-0.  S 

PREDICTION  0.  D-0.  8  1 

RATIO  0.8-1.  2D  I 

SUMMARY  1.  23-2.0 
<NP/NA)  >2.  0 


CONDITION/HT:  RA 

TITAN. 

FORM:  0.  13-TH  PLATE 

SPECIMEN  TYPE:  CCP 

ORIENTATION'  T-L 

YIELD  STRENGTH:  1 49.  2  KS I 

ULT.  STRENGTH:  156.2  KSI 

SPECIMEN  THK:  0.125" 

ALLOY 

FREQUENCY:  +0.  10 

SPECIMEN  WIDTH:  5.  000" 

TI-6AL- 

ENVIRONMENT:  R.  T.  .  3.  SX  NACL 

REFERENCES30gei 

4V 

£kK  (MPA  \/m) 

4  10  40  100 

I  I  pi'Tn — I  '  I'i'i'i  j 
STRESS  RATIO  =  0-10 


4  10  40  100 

I  '  n  l  '•p] — f . n'*’TFr'“ 

STRESS  RATIO  = 


10° 

(D 

10  ‘ 

10  ’ 

10'^ 

10‘- 

10-^ 

10 ' 

10“ 

10' 

10'^ 

10* 

10 

10® 

10'" 

4  10  40  100 

AK  (KSI  >/m) 


AK  (MPA  -v/m) 

4  10  40  1C 

I  '  r'  IT! - 1  '  M  FP 

STRESS  RATIO  ^  10.  00 


4  10  40  100 

I  '  p  I'Pi — I  n"'lTI" 

STRESS  RATIO  = 


4  10  40  1 

AK  (KSI  \/ln) 


Figure  4.11.3.67 


4.11-183 


10'^  S 


,0’i 


TABLE  4.11.3.68 

FATIOUE  CRACK  GROWTH  RATES  AT  DEFINED  LEVELS 
OF  STRESS  INTENSITY  FACTOR 

DATA  ASSOCIATED  WITH  FIGURE  4. 11. 3.68INDICATINO  EFFECT 

OF  FREQUENCY 


DELTA  K 
(KSI«IN««l/2) 


DA/DN  (10**-6  IN.  /CYCLE) 
B  C 


DELTA  K  B 
HIN  C 
D 


8.  SO 


F<HZ)«  10.  00 
.  637 


9.  00 

.  792 

10.  00 

1.  18 

13.  00 

3.  12 

16.  00 

6.  30 

20.  00 

12.  1 

25.  00 

19.  9 

30.  00 

26.  1 

35.  00 

29.  2 

37.  14 

29.  6 

DELTA  K  B; 


ROOT  HEAN  SQUARE 

12.  83  1 

PERCENT  ERROR 

1 

LIFE 

0.  0-0.  5 

PREDICTION 

0.  5-0.  8 

RATIO 

0.  8-1.  25 

SUMMARY 

1 .  25-2.  0 

(NP/NA) 

>2.  0 

4.11-184 

da/dN  (in/cycle)  da/dN  (in/cycle) 


CONDITION/HT:  RA 
FORM:  0.38"TH  PLATE 

SPECIMEN  TYPE:  PTSF 
ORIENTATION:  L-S 
STRESS  RATIO:  ■►0.10 
ENVIRONMENT:  R.  T.  .  HUMID  AIR 


AK  (MPA 

4  10  40  100 

"I  '  I  '  I'I'I - 1  T  I  I  MI'I 

FREOUENCY  (Hz)  10.00 


4  10  40  100 

I  '  I  'I'I'I — r^rTH'i 

FREOUENCY  (Hz)  * 


YIELD  STRENGTH:  1 10.  1  KSI 
ULT  STRENGTH:  130.  1  KSI 
SPECIMEN  THK:  0.  376" 
SPECIMEN  WIDTH:  5.000" 
REFERENCES:g0O81 


AK  (MPA  -v/m) 
4  10  4 


4  10  40  100 

AK  (KSI  v'^) 


10° 

(D 

10^ 

10  ' 

10'^ 

10° 

10-^ 

10* 

10'^ 

10^ 

10'^ 

10® 

10'' 

10® 

10® 

10° 

® 

10^ 

10’ 

10'^ 

10° 

10^ 

10* 

10® 

10"* 

10® 

10® 

10' 

10® 

10® 

1  4  10  40 

=  I  '  I  'I'I'I — 

“  FREQUENCY  (Hz)  = 


TITAN. 

ALLOY 


TI-6AL- 

4V 


4  10  4i 

AK  (KSI  v"^) 


Figure  4,11.3.68 


4.11-185 


TABLE  4.11.3.69 

FATIGUE  CRACK  GROWTH  RATES  AT  DEFINED  LEVELS 
OF  STRESS  INTENSITY  FACTOR 

DATA  ASSOCIATED  WITH  FIGURE  4.11. 3. 69IND1CATINC  EFFECT 

OF  FREQUENCY 


I 

•s 

MATERIAL; 

TITANIUM 

TI-6AL-4V 

. 

CONDITION: 

RA 

ENVIRONMENT:  R.  T. 

.  3.  5X  NACL 

i 

Is' 

DELT< 

^  K 

DA/DN  (10**-6  IN.  /CYCLE) 

i 

(KSI«IN»»l/2) 

V 

ABC 

D 

I 

F<HZ)«  10.  OO 

A 

15.  77 

37.  3 

V 

DELTA  K  B 

s-' 

MIN  C 

D 

16.  00 

37.  9 

20.  OO 

49.  7 

25.  00 

67.  2 

30.  00 

84.  6 

1 

35,  00 

99.  2 

'i  >  v 

A 

35,  80 

101. 

i'- 

DELTA  K  B 

MAX  C 

D 

ROOT  MEAN  SQUARE 
PERCENT  ERROR 


LIFE  0.  0-0.  5 
PREDICTION  0.  5-0.  8 
RATIO  0.8-1.25 

SUmARY  1.  28-2.  0 
<NP/NA)  >2,0 


22.  70 


4.11-186 


.  V  4_^.  C."  A^*  «..•  A-*  ^ 


aV 

,v. 


CONDITION/HT;  RA 

FORM:  B.  38"TH  PLATE  YIELD  STRENGTH:  141.  7  KSI 

SPECIMEN  TYPE:  PTSF  ULT  STRENGTH:  151.0  KSI 

ORIENTATION:  T-S  SPECIMEN  THK:  0.377" 

STRESS  RATIO:  ♦B.  10  SPECIMEN  WIDTH:  5.000" 

ENVIRONMENT:  R.  T. ,  3.  5*  NACL  REFERENCES:90981 


TABLE  4.11.3.70 


FATIGUE  CRACK  GROWTH  RATES  AT  DEFINED  LEVELS 
OF  STRESS  INTENSITY  FACTOR 

DATA  ASSOCIATED  WITH  FIGURE  4.11. 3. 70INDICATINO  EFFECT 

OF  STRESS  RATIO 


MATERIAL:  TI 
CONDITION:  R 
ENVIRONMENT: 

TANIUM  TI-6AL-4V 

A 

R.  T.  .  H.  H.  A. 

_ 

DELTA 

K 

DA/DN  (10**-6 

IN.  /CYCLE) 

(K8I«IN*«l/2) 

A 

B 

C 

R-'K).  10 

R-+0.  50 

A: 

10.  10 

4.  77 

DELTA  K 

B: 

5.  41 

.  99 

MIN 

C: 

D: 

6.  00 

1.  54 

7.  00 

2.  63 

8.  00 

3.  84 

9.  00 

5.  12 

10.  00 

6.  45 

13.  00 

6.  51 

10.  9 

Ih.  00 

9.  27 

16.  7 

20.  00 

14.  4 

26.  8 

25.  00 

23.  2 

A: 

28.  25 

27.  0 

DELTA  K 

B: 

23.  27 

; 

33.  7 

ROOT  MEAN  80UARE 
PERCENT  ERROR 


PREDICTION  0.  5-0.  8 
RATIO  0.8-1.25 

SUMMARY  1 .  25-2.  0 
(NP/NA)  >2.  O 


4.11-188 


w  s's 
••V'- 


ST  V  S'* '.'A' 


%■  "V' 


'•  "S  ■•  ."V  .>  , 


CONDITION/HT:  KA 
FORM:  0.  38"TH  PLATE 

SPECIMEN  TYPE:  CCP 
ORIENTATION:  T-L 
FREQUENCY:  10.  00  HZ 

ENVIRONMENT:  R.  T.  ,  H.  H.  A. 


YIELD  STRENGTH:  141.  7  KSI 
ULT.  STRENGTH:  151.  B  KSI 
SPECIMEN  THK:  0.370-  0.371" 

SPECIMEN  WIDTH:  5.  000" 
REFERENCES:8008 1 


TITAN. 

ALLOY 


AK  (MPA  -v/m) 


.S  . 

i 


* 


V 

s”' 

4 

■■M 


•  •  • 


i 


% 


•d 


AK  (KSI  v^) 


AK  (MPA  v/m) 


TI-OAL- 

4V 


10’ 


•2  ^ 


10 

U 

>. 

10’ I 

2 

.  -0 

10^  « 
“D 


10’ 


10' 


10' 


10’ 


10  ’  5 
o 
>% 
<»> 

’“i 

2 

^  -D 

10’^  18 
■o 


10’ 


10' 


4  10  40  100 

AK  (KSI  v/m) 


.V. 

■.V. 

♦3 


Figure  4.11.3.70 


4.11-189 


CONOITION/HT:  RA 
FORM;  0.38-TH  PLATE 
SPECIMEN  TYPE:  CCP 
ORIENTATION;  T-L 
FREQUENCY:  10.00  HZ 

ENVIRONMENT;  R.  T. .  3.  5%  NACL 


AK  (MPA  y/m) 


STRESS  RATIO  >  -^0.  10 


4  10  40  100 

I  'T-i  I  I'l'i — 

STRESS  RATIO  > 


4  10  40  100 

AK  (KSI  vTn) 


YIELD  STRENGTH;  141.7  KSI 
ULT.  STRENGTH;  ISl.  8  KSI 
SPECIMEN  THK:  0.372" 
SPECIMEN  WIDTH;  5.  000" 
REFERENCESS08ei 


AK  (MPA  v/fTi) 


STRESS  RATIO  =  4.0.  50 


IV 

10  ’ 

10* 

10'* 

ICf* 

io’ 

10* 

10'^ 

10* 

10-» 

10* 

10* 

10^ 

10* 

10* 

® 

10’ 

10* 

10* 

lor* 

10* 

10* 

KT* 

10* 

10-* 

Itf* 

10* 

icr* 

10'* 

1  4  10  40  100 

=  I  '  I  '  I'i'i — n'T'I'I'l 

“  STRESS  RATIO  » 


4  10  40 

AK  (KSI  v/^) 


Piguro  4.11.3.71 
4.11-191 


TITAN. 

ALLOY 


TI-8AL- 

4V 


10'^  oT 


,0-1 


TABLE  4.11.3.72 


FATIGUE  CRACK  GROWTH  RATES  AT  DEFINED  LEVELS 
OF  STRESS  INTENSITY  FACTOR 

DATA  ASSOCIATED  WITH  FIGURE  4. 11. 3 .72INDICATING  EFFECT 

OF  STRESS  RATIO 


MATERIAL:  TITANIUM 
CONDITION:  RA 
ENVIRONMENT:  R.  T. 


DELTA  K 
(KSI*IN**l/2) 


A:  5.  67 

DELTA  K  B: 

MIN  C: 

D: 

6.  00 

7.  00 

8.  00 

9.  00 

10.  00 
13.  00 
16.  00 
20.  00 

A:  23.  65 

DELTA  K  B: 

MAX  C: 

0: 


T1-6AL-4V 

.  8.  T.  W. 


A 

R-^O.  08 
.  224 


.  262 
.  437 
.  747 
1.  26 
2.  08 
7.  51 
19.  9 
48.  7 

81.  2 


DA/DN  <10**-6  IN.  /CYCLE) 
B  C 


ROOT  MEAN  SQUARE  22.  66 

PERCENT  ERROR 


LIFE  0.  0-0.  5 
PREDICTION  0.  5-0.  8 
RATIO  0.8-1.25 

SUMMARY  1.  25-2.  0  1 

(NP/NA)  >2.  0 


4.11-192 


CONDITION/HT:  RA 
FORM;  0.  38"TH  PLATE 
SPECIMEN  TYPE.  CT 
ORIENTATION:  T-L 
FREQUENCY;  1.  00  H2 
ENVIRONMENT;  R.  T.  ,  S.  T.  W. 


YIELD  STRENGTH:  129.  0  KSI 
ULT.  STRENGTH:  140.0  KSI 
SPECIMEN  THK:  0.410*’ 
SPECIMEN  WIDTH.  7.  400 *’ 
REFERENCES:e8578 


I  O 


7 

<  V  y 


TABLE  4.11.3.73 


fatioue  crack  orouth  rates  at  defined  levels 

OF  STRESS  INTENSITY  FACTOR 

DATA  ASSOCIATED  WITH  FIOURE  4.11.3.73INDICATINO  EFFECT 


OF  STRESS  RATIO 


HATERIAL: 

TITANIUM 

T1-AAL-4V 

■ 

CONDITION: 

RA 

M 

ENVIRONMENT:  R.  T. 

.  S.  T.  W. 

m 

DELTA 

K 

DA/DN  (10«*-6  IN.  /CYCLE) 

(KSI«IN*«S/2) 

ABC 

D 

J 

R-+0.  10 

& 

A: 

29.  01 

1405. 

m 

DELTA  K  B: 

MIN  C: 

m 

D: 

30.  00 

1418. 

3S.  00 

1800. 

40.  00 

2531. 

* 

50.  00 

3951. 

1 

A: 

52.  51 

4043, 

DELTA  K  B: 

MAX  C: 

D: 

k 

M 

ROOT  MEAN 

SOUARE 

13.  89 

PERCENT  ERROR 

LIFE 

0.  0-0. 

5 

V, 

PREDICTION 

0.  5-0. 

3 

•"U 

RATIO 

0.  8-1.  25  2 

SUMMARY 

1.  25-2, 

9 

(NP/NA> 

>2. 

9 

L'W 


•  V 


.V 


4.11-194 


CONDITION/HT:  RA 
FORM:  ia.38"TH  PLATE 

SPECIMEN  TYPE;  CT 
ORIENTATION;  T-L 
FREQUENCY;  0.  10  HZ 
ENVIRONMENT:  R.  T.  ,  S.  T.  W, 


YIELD  STRENGTH:  141.  7  KSI 
ULT.  STRENGTH:  ISl.  Q  KSI 
SPECIMEN  THK;  0.  374-  0.  375 

SPECIMEN  WIDTH:  2.550" 
REFERENCES;g0e81 


10 


10' 


o  . 
o  10' 


2  5 

•D 


lO-hr 


10 


»  ,0. 

© 


AK  (MPA  V^) 

4  10  40  100 

T'  'TTI  'I - 1  T  I  ' 

STRESS  RATIO  =  ■►0.  10 


-diO* 


— 

- 

- 

- 1 — 1 .  Lx.  jj  1,1 

_ i  -i-  1  .  1.1. 

^10- 


10  40  100 


,'2 


10 


10' 


S'  10* 


-10- 

•o 


10 


,-7 


10 


10"' 


=  T  '  riM'l - r  T  |  I-IIIH — q 

“  STRESS  RATIO  =  ^ 

— 

: 

— 

: 

— 

: 

— 

_ 1 _ 1  1 1  liU 

_ 1— Ll  illll 

10' 


10 


10" 


10 


10« 


10' 


10’ 


10 


10 


10'^ 


10' 


1-5 


10 


1-6 


4  10  40 

AK  (KSI  >/ln) 


100 


(D 


AK  (MPA  v/m) 

4  10  40  100 


10 


>-3 


10 


10 


10 


,-5 


.-6 


10 


.-7 


10 

® 


— 

I”!  P  I'MI 

- I~r-r 

■WT 

— ^ 

- 

STRESS  RATIO  = 

— 

- 1 

: 

1 

— 

- 

~ 

— 

— 

— 

_J _ 1  1  1  1  ill 

_ I_xJ 

1  1 1  ll 

10 


.2 


>3 


10 


10' 


,-5 


10 


10 


,-7 


10 


10' 


E  l  '  1  'I'MI - r  1  M'lM — 

“  STRESS  RATIO  =  “E 

— 

— 

— 

— 

— 

— 

— 

I-l  1  hhli 

4  10  40  100 

AK  (KSI  v/m) 


Figure  4.11.3.73 


4.11-195 


TABLE  4.11.3.74 


FATIGUE  CRACK  GROWTH  RATES  AT  DEFINED  LEVELS 
OF  STRESS  INTENSITY  FACTOR 

DATA  ASSOCIATED  WITH  FIGURE  4. 11. 3. 74INDICATING  EFFECT 

OF  ENVIRONMENT 


MATERIAL:  TITANIUM  TI-&AL-4V 

CONDITION;  RA 


DELTA  K 
(KSI*IN**l/2) 


DA/DN  IN.  /CYCLE) 


A 


B 


C 


D 


E-  R.  T. 
LAB  AIR 


A 

13.  OS 

4.  93 

DELTA  K  B 

MIN  C 

D 

16.  00 

11.  0 

20.  00 

21.  3 

25.  00 

41.  9 

30.  00 

87.  4 

35.  00 

205. 

A 

36.  63 

279. 

DELTA  K  B 

MAX  C 

D 

ROOT  MEAN 

SQUARE 

9.  02 

PERCENT  ERROR 

LIFE 

0.  0-0. 

9 

PREDICTION  0.  5-0.  8 

RATIO 

0.8-1.25  1 

SUMMARY 

1 .  25-2. 

9 

(NP/NA) 

>2. 

9 

CONDITION/HT:  RA 
FORM:  0.3e"TH  PLATE 

SPECIMEN  TYPE:  CT 
ORIENTATION  T-L 
STRESS  RATIO:  •►0.  10 
FREQUENCY:  10.  00  HZ 


AK  (MPA  y/m) 

4  10  40  100 

1  n"nTTfr  i  m  '  i  m'i 

E^R^N^ENT:  R.  T.  . 


i  (D 


4  10  40  100 

TT^PI - 1 . n  *'  I  TT" 

ENVIRONMENT. 


YIELD  STRENGTH:  149.  2  KSl 
ULT.  STRENGTH:  158.2  KSl 
SPECIMEN  THK:  0.372" 
SPECIMEN  VYIDTH:  2.  549" 
REFERENCES:90981 


AK  (MPA  v/m) 
4  10  4 


10° 

(D 

10  ’ 

i6‘ 

10  ^ 

10 

10'^ 

10' 

10"' 

10' 

10'^ 

10 ' 

10® 

10' 

10' 

4  10 

“r’'Tnm — 

ENVIRONMENT: 


TITAN. 

ALLOY 


T1-6AL- 

4V 


4  10  40  100 

AK  (KSl  v/Tn) 


Figure  4.11.3.74 
4.11-197 


4  10  - 

AK  (KSl  >/m) 


TAQLE  4.11.3.75 


FATIGUE  CRACK  GROWTH  RATES  AT  DEFINED  LEVELS 
OF  STRESS  INTENSITY  FACTOR 

DATA  ASSOCIATED  WITH  FIGURE  4 . 11. 3. 75  INDICATING  EFFECT 


OF  ENVIRONMENT 


MATERIAL: 

CONDITION 

TITANIUM 

RA 

TI-6AL> 

-4V 

DELTA  K 
<KSI*IN**l/2) 

A 

DA/DN  (10**-6 

B 

IN.  /CYCLE) 

C 

D 

E=  R.  T. 
DIST.  WATER 

E»  R.  T. 

3.  5%  NACL 

E=  R.  T. 

S.  T,  W. 

A 

DELTA  K  B 
MIN  C 

D 

9.  44 

8.  ^0 

9.  40 

.  241 

.  341 

.  364 

9.  00 
10.  00 
13.  00 

.  434 

.  405 
.  646 

2.  66 

.  646 

A 

DELTA  K  B 
MAX  C 

D 

11.  75 
13.  55 

12.  61 

1.  32 

3.  37 

2.  09 

ROOT  MEAN  SQUARE 
PERCENT  ERROR 

15.  71 

16.  16 

11.  43 

LIFE  0.  0-0.  5 

PREDICTION  0.  5-0.  8 
RATIO  0.8-1.25 

SUMMARY  1.25-2.0 
(NP/NA)  >2.0 


CONDITION/HT:  RA 
FORM:  1.  00"TH  PLATE 

SPECIMEN  TYPE:  DCB 
ORIENTATION  T-L 
STRESS  RATIO:  ■►0.  00 
FREQUENCY:  15.00  HZ 


AK  (MPA  y/m) 

4  10  40  100 


YIELD  STRENGTH: 
ULT.  STRENGTH: 
SPECIMEN  THK: 
SPECIMEN  WIDTH; 
REFERENCES8ei40 


R.  t.  , 


4  10  40  100 

T'  l  I  '  l'l'l  '  ■rn'T'CI 

^VjR^NMENT;  , 


10° 

(D 

10' 

10  ' 

10^ 

10' 

10'^ 

10'“ 

10‘ 

lO"* 

10'^ 

id‘ 

10' 

10* 

10* 

4  10  40  100 

AK  (KSI  v^) 


AK  (MPA  VfTT) 
4  10  4 

j  'I'MiM — 

ENVIRONMENT:  R.  ’ 
3.  5X  NACL 


1  4  10 

=  "r  '  I '  I M'l 

-  ENVIRONMENT: 


4  10  t 

AK  (KSI  VTn) 


Figure  4.11.3.75 
4.11-199 


TITAN. 

ALLOY 

1 

TI-6AL- 

4V 


TABLE  4.11.3.76 


FATIGUE  CRACK  GROWTH  RATES  AT  DEFINED  LEVELS 
OF  STRESS  INTENSITY  FACTOR 

DATA  ASSOCIATED  WITH  FIGURE  4. 11. 3.76INDICATING  EFFECT 

OF  ENVIRONMENT 


MATERIAL;  TITANIUM 
CONDITION:  RA 

TI-6AL- 

-4V 

DELTA  K 

DA/DN  <10**-6 

IN.  /CYCLE) 

(KSI*IN**I/2) 

A 

B 

C 

D 

E»  R.  T. 

E-  R.  T. 

E=  R.  T. 

DRY  AIR 

H20  STAURATED 

DIST.  WATER 

JP-4  FUEL 

A:  12.  23 

1.  04 

DELTA  KB:  28.  27 

32.  7 

MIN  C:  26.64 

30.  5 

D; 

13.  00 

1.  49 

16.  00 

3.  88 

20.  00 

9  08 

29.  00 

18.  9 

30.  00 

31.  9 

36.  7 

44.  9 

39.  00 

49.  5 

51  9 

67.  7 

40.  00 

74.  9 

79.  9 

96.  3 

90.  00 

164. 

179. 

197. 

60.  00 

469. 

499. 

70.  00 

1304. 

1228. 

80.  00 

3814. 

A:  98.  67 

322. 

DELTA  KB:  71.  17 

1476. 

MAX  C:  81  31 

4465. 

D: 

ROOT  MEAN  SQUARE 

29.  19 

10.  30 

22.  32 

PERCENT  ERROR 

LIFE 

PREDICTION 

RATIO 

SUMMARY 

(NP/NA) 


0.  0-0.  5 
0.  9-0  8 
0.  8-1.  25 
1.  29-2.  0 
>2.  0 


4.11-200 


CONDITION/HT;  RA 
FORM;  1.  00"TH  PLATE 
SPECIMEN  TYPE:  DCB 
ORIENTATION  T-L 
STRESS  RATIO:  ♦B.  10 
FREQUENCY:  1.00  HZ 


YIELD  STRENGTH: 
ULT.  STRENGTH; 
SPECIMEN  THK: 
SPECIMEN  WIDTH: 
REFERENCESaB140 


AK  (MPA  -s/m) 

4  10  40  100 

I  M  '  Mi'i — rn~MM'i 

R.  l'.  . 


4  10  40  100 

I"  '"i"’'ni'i — rrrpWT” 


4  10  40  100 

AK  (KSI  V^) 


Afv  (MPA  -^/m) 

4  10  40  IOC 

J  '  J  '  I  '  I'l  I  n''  n’l 
ENVmONMENT:  R.  T.  , 
WATER  STAURATED  JP-4 
FUEL 


10'^ 

10 

lO"* 

io‘ 

10'^ 

10® 

10® 

10’^ 

10° 

10* 

® 

10’ 

10^ 

10'^ 

10° 

10'^ 

10'^ 

10“ 

10® 

10® 

10® 

10° 

10^ 

10® 

1  4  10  40  10( 

t  I'  '  I  '  I'I'I  - fTl  '  PI'l 

-  ENVIRONMENT: 


4  10  40  IOC 

AK  (KSI  v^) 


Figure  4.11.3.76 

4.11-201 


TABLE  4.11.3.77 


FATIGUE  CRACK  GROWTH  RATES  AT  DEFINED  LEVELS 
OF  STRESS  INTENSITY  FACTOR 

DATA  ASSOCIATED  WITH  FIGURE4.il.  3.77  INDICATING  EFFECT 


OF  ENVIRONMENT 


MATERIAL:  TITANIUM 
CONDITION:  RA 

TI-6AL- 

-4V 

DELTA  K 

DA/DN  (10**-6  IN.  /CYCLE) 

(KSI*IN**l/2) 

A 

B  C 

D 

O' 

II 

Ul 

E»  R.  T. 

3. 5X  NACL 

S.  T.  W. 

A;  14.  96 

14.  1 

DELTA  KB:  28  42 

84.  9 

MIN  C: 

D: 

16.  00 

16.  3 

20.  00 

28.  6 

2S.  00 

54.  7 

30.  00 

97  2 

100. 

35.  00 

161. 

144. 

40  00 

251. 

187. 

50.  00 

526. 

31C. 

60.  00 

943. 

604. 

70.  00 

1504. 

1456. 

90.  00 

4302. 

A:  72.  43 

1660. 

DELTA  K  B:  81.  35 

5050. 

MAX  C: 

D: 

ROOT  mean  square 

14  68 

8.  17 

PERCENT  ERROR 

LIFE  O  0-0  5 

FREDICriON  0.  5-0.  8 

RATIO  0.  8-1  2S 

SUMMARY  1 .  25-2.  O 

(NP/NA>  >2.0 


CONDITION/HT:  RA 
FORM:  1.0B"TH  PLATE 

SPECIMEN  TYPE:  DCB 
ORIENTATION-  T-L 
STRESS  RATIO:  •*■0.  10 
FREQUENCY:  1.  00  HZ 


YIELD  STRENGTH: 
ULT.  STRENGTH: 
SPECIMEN  THK; 
SPECIMEN  WIDTH: 
REFERENCES08140 


T~ -=  10’ 


TABLE  4.11.3.78 

FATIOUE  CRACK  OROWTH  RATES  AT  DEFINED  LEVELS 
OF  STRESS  intensity  FACTOR 

DATA  ASSOCIATED  WITH  FIOURE  4.11.3.78IND1CAT1NO  EFFECT 

OF  ENVIRONMENT 


MATERIAL:  TITANIUM 
CONDITION;  RA 


TI-6AL-4V 


DELTA 

K 

DA/DN  (10«««*6 

IN.  /CYCLE) 

(K8I*XN««l/2) 

A 

B 

C 

E*  R.  T. 

E-  R.  T. 

E-  R.  T. 

DRV  AIR 

H30  SATURATED 

DIST,  WATER 

UF-4  FUEL 

A: 

27.  66 

26.  8 

DELTA  K  B: 

2S.  99 

42.  8 

MIN  C; 

14.  90 

3.  43 

D: 

16.  00 

6.  83 

20.  00 

19.  0 

28.  00 

34.  4 

30.  00 

37,  9 

47  2 

63.  3 

38.  00 

66.  1 

70.  6 

108. 

40.  00 

101. 

99.  2 

182. 

80.  00 

224. 

204. 

284. 

60.  00 

862. 

807. 

46B. 

70.  00 

1847. 

1243. 

A; 

62.  76 

787. 

delta  K  B: 

79.  39 

8230. 

MAX  C; 

78.  93 

8143. 

D: 

ROOT  MEAN 

SQUARE 

7.  88 

13.  78 

16,  77 

PERCENT  ERROR 

LIFE 

0.  0-0, 

» 

PREDICTION 

0.  8-0. 

1 

RATIO 

0.  8-1. 

38 

SUMMARY 

1.  28-2. 

3 

(NF/NA) 

>2. 

3 

4.11-204 

...... 

TABLE  4.11. 3.79 


.va: 


V/ 


i 

fc  ».  ^  j, 

’j 


itlZS 

V" 

s<%< 

ryj 


LK^. 


fatioue  crack  growth  rates  at  defined  levels 

OF  STRESS  INTENSITY  FACTOR 
DATA  ASSOCIATED  WITH  FIGURE  4. 11. 3.79 INDICATING  EFFECT 


OF  ENVIRONMENT 


MATERIAL:  TITANIUM 
CONDITION;  RA 

TI-6AL- 

-4V 

DELTA 

K 

DA/DN  <10**-6  IN.  /CYCLE) 

<K8I*IN**l/2) 

A 

B  C 

D 

E«=  R.  T. 

E-  R.  T. 

3.  9%  NACL 

8.  T.  W. 

A: 

2h.  28 

363. 

DELTA  K  B. 

30.  23 

143. 

MIN  C: 

D; 

30.  00 

642. 

35.  00 

984. 

286. 

40.  00 

1262. 

449 

90.  00 

1852. 

905 

60.  00 

3042. 

2149 

70.  00 

6176. 

A; 

79.  42 

9991. 

delta  k  B; 

60.  36 

2229. 

MAX  C: 

0: 

ROOT  MEAN  SQUARE 

18.  79 

19.  79 

percent  error 

LIFE  0.  0-0.  S 

prediction  0.  9-0  8 

RATIO  0.8-1.29 
SUMMARY  1.29-2.0 
(NP/NA>  >2. 0 


4.11-206 


CONDITION/HT:  RA 
FORM:  1.00"TH  PLATE 

SPECIMEN  TYPE:  DCB 
ORIENTATION  T-L 
STRESS  RATIO:  ■►0.  10 
FREQUENCY:  0.  10  HZ 


YIELD  STRENGTH: 
ULT.  STRENGTH: 
SPECIMEN  THK: 
SPECIMEN  WIDTH: 
REFERENCES3ei40 


TITAN. 

ALLOY 


AK  (MPA  v/m) 


AK  (KSI  s/Tn) 


AK  (MPA  -v/m) 


T1-0AL- 

4V 


10' 


10 


-2  _ 
U 

u 
o 

■3  £ 


10 


lO"*  1 

■D 


lO'"’ 

10® 

10° 

10’ 

10'^  ® 
u 
U 

3  E 


-^’0  E 


Z 

*0 

10'^  « 
■o 


10 


1-5 


10 


,-6 


4  10  40  100 

AK  (KSI  -s/^) 


Figure  4.11.3.79 


4.11-207 


TABLE  4.11.3.80 


FATIGUE  CRACK  GROWTH  RATES  AT  DEFINED  LEVELS 
OF  STRESS  INTENSITY  FACTOR 

DATA  ASSOCIATED  WITH  FIGURE  4.11. 3. 80INDICATINO  EFFECT 


OF  ENVIRONMENT 


MATERIAL:  TITANIUM 
CONDITION:  RA 

TI-6AL 

-4V 

DELTA  K 

DA/DN  (10**-6 

IN.  /CYCLE) 

(KSI*IN**l/2) 

A 

B 

C 

D 

E=  R.  T. 

E-  R.  T. 

E=  R.  T. 

DRY  AIR 

H20  SATURATED 

ALT  JP-4  FUEL 

JP-4  FUEL 

&  DIST.  WATER 

A:  7.  95 

.  364 

DELTA  KB:  S.  65 

.  789 

MIN  C:  7.  94 

1.  07 

D: 

8.  00 

.  381 

1.  07 

9.  00 

.  840 

.  950 

1.  16 

10.  00 

1  52 

1.  53 

1.  55 

13.  00 

4.  71 

4.  57 

6.  24 

16.  00 

9.  13 

9.  49 

19.  1 

20.  00 

17.  2 

18.  4 

35.  4 

25.  00 

34.  7 

35.  1 

51.  4 

30.  00 

71.  5 

64.  4 

80.  0 

35.  00 

157. 

120. 

157. 

40.  00 

278. 

A:  37.  05 

220. 

DELTA  KB:  45.  45 

2354. 

MAX  C:  39.99 

396. 

D: 

ROOT  MEAN  SQUARE 

16.  89 

17.  75 

23.  26 

PERCENT  ERROR 

LIFE  O.  0-0.  5 
PREDICTION  0.  5-0.  B 
RATIO  0.  B-1.25 
SUMMARY  1 .  25-2.  0 
<NP/NA)  >2.  0 


4.11-208 


CONDITION/HT:  RA 
FORM:  1.  00“TH  PLATE 

SPECIMEN  TYPE:  DCB 
ORIENTATION  T-L 
STRESS  RATIO:  ♦0.  S0 
V  FREQUENCY:  1.  00  HZ 


YIELD  STRENGTH: 
ULT.  STRENGTH: 
SPECIMEN  THK : 
SPECIMEN  WIDTH: 
REFERENCES:8ei40 


TITAN. 

ALLOY 


TI-6AL- 

4V 


AK  (MPA  VTn) 

4  10  40  100 


4  10  40  100 

I  ~r-rnn'i — i  '  i  m'it" 
ENVIRONMENT;  R.T^ 
ALTERNATING  JP-4  FUEL 
AND  DISTILLED  WATER 


4  10  40  100 

AK  (KSI  -\/m) 


10° 

10' 

10  * 

10’ 

10'^ 

io' 

lo"* 

10' 

10'^ 

10* 

10* 

10' 

10® 

10"' 

10° 

vs/ 

10’ 

10= 

10'^ 

10" 

10=' 

io‘ 

10'^ 

10' 

10'* 

id* 

10° 

10' 

io' 

AK  (MPA  \/m) 

4  10  40  lor 

T~ ' ' p  r  nr — i  nTW 

ENVIRONMENT:  R.  T.  . 
WATER  SATURATED  JP-4 


4  10  40  10 

r '  ]■' I'm — r-'TTRT 

ENVIRONMENT: 


4  10  40  1C 

AK  (KSI  v/Tn) 


Figure  4.11.3.80 
4,11-209 


10'^  ^ 


,0*1 


TAQLE  4.11.3.81 


FATIGUE  CRACK  GROWTH  RATES  AT  DEFINED  LEVELS 
OF  STRESS  INTENSITY  FACTOR 

DATA  ASSOCIATED  WITH  FIGURE  4. 11,3. 81INDICATINO  EFFECT 


OF  ENVIRONMENT 


MATERIAL: 

CONDITION: 

TITANIUM 

RA 

TI-6AL- 

-4V 

DELTA  K 

DA/DN  ( 10**-6 

IN. /CYCLE) 

<KSI*IN**l/2) 

A 

B 

C 

D 

E=+  175F 

E=+  175F 

E«=+  175F 

E=+  175F 

DRY  AIR 

JP-4  FUEL 

DIST.  WATER 

3.  5*4  NACL 

A: 

15.  65 

6.  24 

delta  K  B: 

16.  60 

10.  4 

MIN  C: 

15.  44 

13.  0 

D: 

16.  62 

39.  9 

16.  00 

6.  72 

15.  2 

20.  00 

13.  3 

16.  9 

29.  6 

266. 

25.  00 

24.  8 

27.  O 

43.  6 

477. 

30.  00 

41  7 

40.  7 

60.  8 

537. 

35.  00 

67.  2 

64.  2 

93.  6 

698. 

40.  00 

107. 

109 

166. 

1277. 

A: 

42.  30 

133. 

DELTA  K  B: 

45.  72 

219. 

MAX  C; 

44.  48 

314. 

D; 

46.  18 

4629. 

ROOT  MEAN 

SQUARE 

9.  95 

6.  80 

6.  53 

36.  25 

PERCENT  ERROR 

LIFE  O.  0-0.  5 
PREDICTION  0.  5-0.  8 
RATIO  0.8-1.25 
SUMMARY  1 .  25-2.  0 
<NP/NA)  >2.0 


TABLE  4.11.3.82 


FATIOUE  CRACK  GROWTH  RATES  AT  DEFINED  LEVELS 
OF  STRESS  INTENSITY  FACTOR 

DATA  ASSOCIATED  WITH  FIGURE  4.11. 3. 82INDICATINO  EFFECT 


OF  ENVIRONMENT 


MATERIAL; 

TITANIUM 

TI-6AL. 

-4V 

CONDITION 

RA 

DELTA  K 

OA/DN  ( 10«*-6 

IN.  /CYCLE) 

(K8I»IN««i/2) 

A 

B 

C 

D 

E«  R.  T, 

E-  R.  T. 

E»  R.  T. 

E-  R.  T 

BIST.  WATER 

BIST.  H20 

CRACK  SPRAYED 
WITH  LP8-3 

3.  97.  NACL 

S.  T.  W. 

A 

8.  08 

.  907 

DELTA  K  B 

15.  22 

11.  9 

MIN  C 

8.  86 

1.  02 

D 

9.  27 

1.  21 

9.  00 

1.  26 

1  19 

10.  00 

2.  64 

2.  69 

2.  02 

13.  00 

10.  3 

20.  3 

9.  96 

16.  00 

20.  9 

11.  1 

63.  4 

24.  9 

20.  00 

36.  8 

22.  8 

117. 

92  9 

29.  00 

61.  9 

42.  7 

169. 

93.  6 

30.  00 

102. 

69.  0 

236. 

149, 

39.  00 

177. 

121. 

401. 

239. 

40.  00 

394. 

369. 

838. 

384. 

A 

44.  99 

1764. 

DELTA  K  B 

44.  64 

8433. 

MAX  C 

44.  93 

1937. 

D 

40.  49 

403. 

ROOT  MEAN 

SQUARE 

19.  72 

32.  49 

30.  11 

12.  99 

PERCENT  ERROR 

LIFE  0.  0-0  S 
PREDICTION  0.  9-0,  8 
RATIO  0.8-1  29 
SUMMARY  1.29-2  0 
(NP/NA)  >2.0 


J 


4.11-212 


I 

..  .  -..v  ..  ...................  -J 


CONOITION/HT:  RA 
PORM.  l.00'’TH  PLATE 
SPECIMEN  TYPE:  DCB 
ORIENTATION  T-L 
STRESS  RATIO:  ^^0.  50 
FREQUENCY:  1.00  HZ 


AK  (MPA  Vm) 

4  10  40  100 


4  10  40  100 

I  i„'4  'ifrr“ 

IDNMENT:  R.  t.  . 


4  10  40 

(KSI  v/Tn) 


YIELD  STRENGTH: 
ULT.  STRENGTH: 
SPECIMEN  THK. 
SPECIMEN  WIDTH: 
REFERENCESSai40 


TITAN. 

ALLOy 


TI-DAL- 

4V 


10“ 

(D 

10'^ 

10' 

ID* 

10* 

10'* 

10* 

10'* 

10'^ 

id* 

10* 

Id* 

10-‘ 

10'* 

10“ 

® 

id* 

10  ’ 

io“ 

10* 

Id* 

10'* 

10* 

10'^ 

id* 

10* 

Id* 

10® 

Id* 

AK  (MPA  <s/m) 

4  10  40  100 

J  'in'm - 1  '  IMT'I  " 

ENVIRONMENT.  R.  T.  , 
DIST.  H20  CRACK 
SPRAYED  I^TH  LPS-3 


1  4  10  40  100 

— I  '  J  TTT  ■ 
-  ^I^R^NMENT:  R.  T.  . 


4  10  40  100 

AK  (KSI  v/ln) 


Figure  4.11.3.82 
4.11-213 


TABLE  4.11.3.83 


fatigue  crack  growth  rates  at  defined  levels 

OF  STRESS  INTENSITY  FACTOR 

DATA  ASSOCIATED  WITH  FIGURE  4. 11.3. 831NDICATING  EFFECT 

OF  ENVIRONMENT 


MATERIAL; 

CONDITION 

TITANIUM 

RA 

TI-6AL-4V 

DELTA  K 

DA/DN  ( 10«« 

(KSI«IN««l/2} 

A  B 

E=-  &5F 

nitrogen  AIR 

A 

DELTA  K  B 
MIN  C 

D 

17  05 

5.  84 

20.  00 

12.  2 

25.  00 

21.  7 

30.  00 

37.  0 

35.  00 

03.  7 

A 

39.  00 

209. 

DELTA  K  B 
MAX  C 
D 


ROOT  MEAN  SQUARE  13.  05 

PERCENT  ERROR 


LIFE  0.  0-0.  5 

PREDICTION  0.  5-0  8 
RATIO  0.8-1.25 

SUMMARY  1.25-2.0 
(NP/NA)  >2  0 


4.11-214 


CONDITION/HT;  RA 
FORM:  1.  00"TH  PLATE 

SPECIMEN  TYPE:  DCS 
ORIENTATION  T-L 
^  STRESS  RATIO:  ♦B.  50 

•/.'J  FREQUENCY:  1.  00  HZ 


YIELD  STRENGTH: 
ULT.  STRENGTH; 
SPECIMEN  THK; 
SPECIMEN  WIDTH: 
REFERENCES:8B140 


TITAN. 

ALLOY 


AK  (MPA  Vm) 


•• 

I 


I 


i 


I 


.  i 

» 

V 

V, 

9 

“7 


/iK  (KSI  v/Tn) 


AK  (MPA  v/Jri) 


TI-6AL- 

4V 


10 


10’^  ^ 
o 

O 


10 


3  E 


Z 

•o 

10’^  ^ 
■o 


10 


-5 


,-6 


10' 


10' 


10' 


10'^  5 
o 
>. 
u 


10'^  « 


lO"' 


10‘ 


,-6 


AK  (KSI  ^/m) 


Figure  4.11.3.83 


.< 

i 


4.11-215 


TABLE  4.11.3.84 


FATIGUE  CRACK  GROWTH  RATES  AT  DEFINED  LEVELS 
OF  STRESS  INTENSITY  FACTOR 

DATA  ASSOCIATED  WITH  FIGURE  4. 11. 3.84INDICATINO  EFFECT 


OF  ENVIRONMENT 


MATERIAL; 

TITANIUM 

TI-6AL- 

-4V 

C0f4DlTI0N 

RA 

DELTA  K 

DA/DN  a0**-6 

IN.  /CYCLE) 

(KSI*IN#«l/2) 

A 

B 

C 

D 

E=  R.  T 

E»  R.  T. 

E^  R.  T. 

DRY  AIR 

H20  SATURATED 
UP-4  FUEL 

DIST.  WATER 

A 

a.  99 

.  930 

DELTA  K  B 

IS.  67 

12.  1 

MIN  C 

14.  81 

9.  45 

0 

9.  00 

.  930 

10.  00 

1.  08 

13.  00 

2.  57 

16.  00 

6.  86 

12.  3 

12.  2 

20.  00 

20.  4 

17.  0 

21.  8 

2S.  00 

48.  6 

36.  3 

43.  6 

30.  00 

70.  2 

70.  5 

117. 

35.  00 

128. 

391. 

40.  00 

302. 

1251. 

A 

31.  84 

72.  2 

DELTA  K  B 

46.  00 

2006. 

MAX  C 

40.  19 

J  196. 

0 

ROOT  MEAN 

SQUARE 

92.  37 

14.  73 

12.  84 

PERCENT  ERROR 

LIFE  O.  0-0  D 

PREDICTION  O.  5-0  8 
RATIO  O.  8-1.2S 
SUMMARY  1.25-2.0 
(NP/NA)  >2.0 


4.11-216 


*■  .V»s 


V.  ?  j 


CONDITION/HT:  RA 
FORM:  1.00"TH  PLATE 

SPECIMEN  TYPE;  OCB 
ORIENTATION  T-L 
STRESS  RATIO:  ♦B.  50 
FREQUENCY;  0.  10  HZ 


YIELD  STRENGTH: 
ULT.  STRENGTH: 
SPECIMEN  THK: 
SPECIMEN  WIDTH: 
REFERENCESSei40 


TITAN. 

ALLOY 


TI-8AL- 

4V 


AK  (MPA 

4  10  40  100 

I  '  I '  I'i'i — r~TTn'i'i 

R.  f .  . 


4  10  40  100 

I  'I’l'i'i 


10° 

® 

10' 

10 

10'* 

10' 

10'^ 

io' 

10'^ 

10' 

10-‘ 

io‘ 

10-* 

icf' 

10’‘ 

AK  (MPA  y/m) 

_ 4  10  40  100 

Z  ^NVIfioNlJ^NT:  '  T*.'J  ''' 

_  WATER  SATURATED  JP-4 
2  FUEL 


1  4  10  40  100 

£=  I  '  I  'I'I'I  I  '  I  '  I'I'I 

-  ENVIRONMENT: 


10'^  ^ 


,0=1 

10'*  1 
•o 


10'^  -j- 


z 

.  ■D 

10^  ^ 
■o 


4  10  40  100 

AK  (KSI  y/m) 


Figure  4.11.3.84 
4.11-217 


4  10  40  100 

AK  (KSI  >/m) 


TABLE  4.11.3.05 


FATIGUE  CRACK  GROWTH  RATES  AT  DEFINED  LEVELS 
OF  STRESS  INTENSITY  FACTOR 

DATA  ASSOCIATED  WITH  FIGURE  4. 11.3. SSINDICATINO  EFFECT 


OF  ENVIRONMENT 


MATERIAL:  TITANIUM 

TI-AAL-4V 

CONDITION:  RA 

DELTA  K 

DA/ON  (10*«-6  IN. /CYCLE) 

(K8X*IN«*l/2) 

A  B  C  0 

E-  R.  T.  £•  R.  T. 

3.  9X  NACL  8.  T.  W. 

A;  7.  97 

.  992 

DELTA  KB:  22.  IS 

77.  7 

MIN  C: 

D; 

S.  00 

1. 02 

9,  00 

1.  82 

10.  00 

2.  99 

13,  00 

9.  07 

U.  00 

14.  6 

20.  00 

29.  00 

160. 

30.  00 

209. 

A;  19.  93 

31.  4 

DELTA  KB:  34,  79 

262. 

MAX  C; 

D; 

ROOT  MEAN  SGUARE 

21.99  10.99 

PERCENT  ERROR 

LIFE  0.  0-0.  8 
PREDICTION  0.  9-0.  8 
RATIO  0.8-1.29 
SUMMARY  1.29-2.0 
(NP/NA)  >2.0 


4.11-21B 


CONDITION/HT;  RA 
FORM:  1.00"TH  PLATE 

SPECIMEN  TYPE:  OCB 
ORIENTATION  T-L 
STRESS  RATIO:  -^0.  50 
FREQUENCY;  0.  10  HZ 


YIELD  STRENGTH; 
ULT.  STRENGTH; 
SPECIMEN  THK; 
SPECIMEN  WIDTH: 
REFERENCES:88140 


AK  (MPA  v^) 

4  10  40  100 


AK  (MPA  \/fTT) 

4  10  40  100 


o 

O 

(D 

10  ' 

id* 

10  ^ 

Iff* 

io’ 

Id* 

O. 

Ill 

10* 

10* 

id* 

10* 

10'^ 

o 

O 

10’ 

id* 

10* 

Iff* 

10* 

Id* 

10'^ 

Iff* 

10* 

iff* 

10* 

10'^ 

Iff* 

ETTPTT^ -  T  MM' — ^ 

-  ENVIRONMENT:  R.  T.  .  — 

_  8.  T.  W.  = 

— 

-z 

- 

□ 

— 

— 

— 

- 

— 

im 

Hm 

-= 

1  4  10  40  100 

t"  I  '  I  '  I'l'l  I  '  I  M'l'l 

-  ENVIRONMENT; 


I  I  I  i  I  ill 


J- 


AK  (KSI  vTn) 


4  10 

AK  (KSI  v/7n> 


Figure  4,11.3.85 


4.11-219 


TABLE  4.11.3.86 


FATIGUE  CRACK  GROWTH  RATES  AT  DEFINED  LEVELS 
OP  STRESS  INTENSITY  FACTOR 

DATA  ASSOCIATED  WITH  FIGURE  4. 11. 3.86INDICATINO  EFFECT 


OF  STRESS  RATIO 


MATERIAL:  TITANIUM 
CONDITION:  RA 
ENVIRONMENT:  R.  T.  .  L.  H.  A. 


TI-6AL-4V 


DELTA 

K 

DA/DN  (10**-6 

IN.  /CYCLE) 

<K8I*IN#«l/2) 

A 

B 

C 

D 

R-'^O.  08 

R-H5.  30 

R-+0.  90 

R-+0.  70 

A: 

9.  98 

.  0139 

DELTA  K  B: 

6.  12 

.  109 

MIN  C: 

6.  39 

.  226 

D: 

9.  11 

.  146 

A.  00 

.  0139 

.  375 

7.  00 

.  0489 

.  229 

.  371 

.  798 

a.  00 

.  127 

.  464 

.  726 

1.  40 

9.  00 

.  270 

.  839 

1.  25 

2.  17 

10.  00 

.  499 

1.  39 

1.  94 

3.  12 

13.00 

1.  84 

4.  24 

9.  08 

7.  33 

16.  00 

4.  30 

8.  79 

9.  94 

14.  9 

1 

20.00 

9.  42 

19.  9 

16.  8 

29.00 

19.  0 

23.  2 

30.  00 

32.  7 

• 

39.  00 

92.  2 

1 

40.  00 

79.  4 

1 

90.  00 

171. 

1 

A: 

92.  96 

213. 

;  DELTA  K  B: 

29.  92 

24.  1 

^  MAX  C: 

20.  69 

18.  1 

1  D: 

19.  21 

30.  8 

ROOT  MEAN  SGUARE 
PERCENT  ERROR 


PREDICTION  O.  9-0.  8 
RATIO  0.  8-1.  29 
SUMMARY  1.29-2.0 
(NP/NA>  >2.0 


33.  77 


20.  34 


21.  38 


4.11-220 


CONDITION/HT:  RA 
FORM:  1.50"TH  PLATE 

SPECIMEN  TYPE:  CT 
ORIENTATION:  L-T 
FREQUENCY:  6.00  HZ 

ENVIRONMENT:  R.  T.  .  L.  H.  A. 


AK  (MPA  v/rn) 

4  10  40  100 


4  10  40  100 


YIELD  STRENGTH:  113.  0-  121.0  KSl 
ULT.  STRENGTH:  127.0-  135.0  KSI 
SPECIMEN  THK:  0.  900-  1.  000" 

SPECIMEN  WIDTH:  7.  400-  7.  410" 

REFERENCESS8570.  85837 


AK  (MPA  v/m) 

4  10  40 


TITAN. 

ALLOY 


4  10  40  100 

AK  (KSI  v/Tri) 


STRESS  RATIO  =  -t-BL  30 


4  10  40  100 


STRESS  RATIO  =  ...0.  70 


4  10  40 

AK  (KSI  >/m) 


Figure  4.11.3.86 


4.11-221 


Z 
.  •D 

10’^  (B 
■o 


lO'*" 


TABLE  4.11.3.87 


FATIOUE  CRACK  GROWTH  RATES  AT  DEFINED  LEVELS 
OF  STRESS  INTENSITY  FACTC» 

DATA  ASSOCIATED  WITH  FIGURE  4. 11.3. 87INDICATINO  EFFECT 


OF  STRESS  RATIO 


MATERIAL;  TITANIUM 
CONDITION:  RA 
ENVIRONMENT:  R.  T.  .  S.  T.  W. 


TI-AAL-4V 


DELTA  K 

DA/DN  (10*«-6 

IN.  /CYCLE) 

<K8X«IN««l/2> 

A 

B 

C 

R-+0.  08 

R-+0.  30 

R=+0.  90 

A 

8.  39 

.  340 

DELTA  K 

B 

7.  37 

.  385 

MIN 

C 

5.  97 

.  293 

D 

6.  00 

.  300 

7.  00 

.  649 

8.  00 

.  784 

1.  32 

9.  00 

.  423 

1.  37 

2.  46 

10.  00 

.  990 

2.  27 

4.  23 

13.  00 

1.  92 

7.  32 

13.  5 

16.  00 

3.  49 

19.  3 

24.  6 

20.  00 

8.  98 

24.  9 

29.  00 

23.  4 

30.  00 

90.  6 

39.  00 

94.  6 

40.  00 

198. 

90.  00 

344. 

60.  00 

991. 

A 

66.  77 

772. 

DELTA  K 

B 

22.  94 

26.  4 

MAX 

C 

17.  49 

28.  0 

ROOT  MEAN  SQUARE 

98.  98 

11.  40 

10.  86 

PERCENT  ERROR 

PREDICTION  0.  S-0.  9 
RATIO  0.8-1.29 

SUMMARY  1.29-2.0 
(NP/NA)  >2.  O 


4.11-222 


TABLE  4.11.3.B8 


FATIOUE  CRACK  GROWTH  RATES  AT  DEFINED  LEVELS 
OF  STRESS  INTENSITY  FACTOR 

DATA  ASSOCIATED  WITH  FlCURE4.il. 3. 88INDICATINC  EFFECT 

OF  ENVIRONMENT 


MATERIAL:  TITANIUM 
CONDITION:  RA 


TI-6AL-4V 


DELTA  K 
(KSI«IN««l/2) 


E“-  &5F 

L.  H.  A. 


DA/DN  IN. /CYCLE) 


E-  R.  T. 
L.  H.  A. 


DELTA  K  B 
MIN  C 
D 


12.  57 
5.  98 


6.  00 

7.  00 

8.  00 
9.  00 


DELTA  K  B: 
MAX  C 
0 


2.  09 


0135 


.  0139 
.  0485 
.  127 
.  270 


10.  00 

. 

499 

13.  00 

2.  46 

1. 

84 

16.  00 

5.  61 

4. 

30 

20.  00 

11.  1 

9. 

42 

25.  00 

20.  6 

19. 

0 

30.  00 

36.  a 

32. 

7 

35.  00 

52. 

2 

40.  00 

79. 

4 

50.  00 

171. 

31.  93 

46.  2 

52.  96 

213. 

ROOT  MEAN  S8UARE 

4.  90 

33.  97 

PERCENT  ERROR 

LIFE 

0.  0-0.  5 

PREDICTION 

0.  5-0.  8 

RATIO 

0.  8-1.  25 

1 

2 

SUMMARY 

1.  25-2.  0 

3 

<NP/NA) 

>2.  0 

4,11-224 

CONDITION/HT:  RA 
FORM:  1.50"TH  PLATE 

SPECIMEN  TYPE:  CT 
ORIENTATION  L-T 
STRESS  RATIO:  -^0.  08 
FREQUENCY:  6.  00  HZ 


AK  (MPA  Vm) 

4  10  40  100 


ENVjl^O^MENT: 


J5"  p; 


4  10  40  100 


YIELD  STRENGTH:  113.  0-  121.0  KSI 
ULT.  STRENGTH:  127.0-  135.0  KSI 
SPECIMEN  THK:  0.900-  1.000" 

SPECIMEN  WIDTH:  7.  400-  7.  410" 

REFERENCES:e5837.  88579 


AK  (MPA  v^) 

^NVIfloiM^NT:  '  R.^  V, 

L.  H.  A. 


4  10  40  100 

AK  (KSI  VTn) 


4  10  4 


4  10  - 

AK  (KSI  >/m) 


TITAN. 

ALLOY 


TI-6AL- 

4V 


Figure  4.11. 3.88 


4.11-225 


■.•  "••  ^  r  .^.  r  ;  *  -  <  -  ^T'V  ’/»’ 


MATERIAL:  TITANIUM 
CONDITION:  RA 


DELTA  K 
(K81«IN4H»i/8} 


TABLE  4.11.3.89 

fat I DUE  CRACK  OROUTH  RATES  AT  DEFINED  LEVELS 
OF  STRESS  INTENSITY  FACTOR 

DATA  ASSOCIATED  WITH  FIGURE  4.11. 3. 89INDICATINO  EFFECT 

OF  ENVIRONMENT 
TANIUM  TI-6AL-4V 


E-  R.  T. 
L.  H.  A. 


DELTA  K  B 
MIN  C 
D 


8.  22 

14,  47 


DA/DN  (10«*-6  IN. /CYCLE) 

B  C 

£•*  2ASF 
L.  H.  A. 

3.  09 


DELTA  K  B: 


ROOT  MEAN  80UARE 
FERCENT  ERROR 


4.00 

.  401 

10.  00 

.  728 

13.00 

2.  94 

16.00 

9.  76 

9. 

09 

20.00 

11.  3 

11. 

6 

28.00 

18.  6 

21. 

8 

30.  00 

36. 

8 

28  48 

23.  2 

32,  07 

49. 

8 

LIFE  0.  0-0.  9 

PREDICTION 

0.  9-0.  8 

RATIO 

0.  8-1.  29 

2 

1 

BUMMARY 

1.  29-2.  0 

<NP/NA) 

>2.  0 

4.11-226 

CONDITION/HT:  RA 
FORM:  1.  50"TH  PLATE 

SPECIMEN  TYPE:  CT 
ORIENTATION  L-T 
STRESS  RATIO:  +0.  08 
FREQUENCY:  6.  00  H2 


AK  (MPA  vnT) 


^V^R^NMENT: 


R.  T.  , 


4  10  40  100 

I'M  r'I’l - 1"'  I'T'I'I 

ENVIRONMENT: 


YIELD  STRENGTH:  118.  0-  121.0  KSI 
ULT.  STRENGTH:  129.0-  134.0  KSI 
SPECIMEN  THK;  0.254-  0.990" 

SPECIMEN  WIDTH:  5.000-  7.  400" 

REFERENCES:05037.  08579 


(MPA  x/m) 


4  10  40  100 

AK  (KSI  >/rn) 


10° 

® 

10 

10  ’ 

10‘ 

10'^ 

io' 

10'^ 

10' 

10'^ 

io' 

10* 

10' 

10® 

10' 

10° 

® 

10  ‘ 

10' 

10' 

10'* 

10 ' 

10'^ 

10' 

10’^ 

10 

10* 

io’ 

10'® 

10'* 

ENVIRONMENT: -►  265"  F 

L.  H.  A. 


1  4  10  40 

t  1  '  I '  I'i'i — r"n^ 

-  ENVIRONMENT: 


4  10  40 

AK  (KSI  >/m) 


Figure  4.11.3.89 
4.11-227 


TITAN. 

ALLOY 


TI-6AL- 

4V 


DELTA 

K 

DA/DN  < 10**-6 

IN.  /CYCLE) 

<K8I*IN<HH/2) 

A 

B 

C 

E-  R.  T. 

E«  R.  T. 

E=+  150F 

L.  H.  A. 

J.  P.  4 

S.  T.  U. 

A: 

24.  00 

14.  4 

DELTA  K  B; 

7.  83 

.  107 

MIN  C; 

12.  49 

2.  27 

D; 

8.  00 

.  126 

9.  00 

.  308 

10.  00 

.  663 

13.  00 

3.  00 

2.  73 

16.  00 

6.  83 

5.  97 

20.  00 

12.  8 

11.  a 

25.  00 

16.  6 

20.  2 

24.  4 

30.  00 

30.  7 

53.  4 

35.  00 

50.  0 

40.  00 

74.  7 

A: 

41.  69 

84.  3 

DELTA  K  B: 

26.  71 

22.  7 

ROOT  MEAN  SQUARE 

4.  34 

20.  62 

16.  88 

PERCENT  ERROR 

PREDICTION  O.  5-0.  8 
RATIO  0.8-1.25 
SUMMARY  1.25-2.0 
(l«>/NA)  >2.0 


4.11-228 


TABLE  4.11.3.91 


iV 

* 

S  \ 

u 


I  • 

•V' 

s 

*•.•*■. 

^4 


Vi".- 

rV*, 

llJ 


FATIGUE  CRACK  6R0UTH  RATES  AT  DEFINED  LEVELS 
U.”  STRESS  INTENSITY  FACTOR 

DATA  ASSOCIATED  WITH  FIOURE4.il. 3. 91INDICATINO  EFFECT 

OF  FREQUENCY 


MATERIAL:  TITANIUM  TI-6AL-4V 

CONDITION:  RA 
ENVIRONMENT:  R.  T.  .  8.  T.  W. 


DELTA  K 
(K8I*IN*«l/3) 


DA/DN  (10**-6  IN.  /CYCLE) 

A  B  C  D 


F<HZ)-  0.10  F(H2)«  1.00 


A: 

11.  17 

1.  07 

DELTA 

K 

8: 

8.  35 

.  340 

MIN 

C: 

D: 

9.  00 

.  423 

10.  00 

.  590 

13.  00 

2.  24 

1.  52 

16.  00 

4.  15 

3.  49 

20.  00 

11.  0 

0.  98 

25.  00 

21.  4 

23.  4 

30.  00 

49.  0 

50.  6 

35.  00 

94.  6 

40.  00 

158. 

50.  00 

344. 

60.  00 

591. 

A: 

32.  56 

89.  8 

DELTA 

K 

B: 

66.  77 

772. 

MAX 

C: 

D: 

ROOT  MEAN  SQUARE  IS.  74  58.  58 

PERCENT  ERROR 


LIFE  0.  0-0.  5 
PREDICTION  0.  5-0.  8 
RATIO  O.  8-1.  25 
SUMMARY  1.25-2.0 
(NP/NA)  >2.  0 


2 

2 


4.11-230 


•  'j 


*c;, 


CONDITION/HT:  RA 
FORM;  1.50"TH  PLATE 
SPECIMEN  TYPE:  CT 
ORIENTATION:  L-T 
STRESS  RATIO:  ■►B.  06 
ENVIRONMENT:  R.  T.  .  S.  T.  W. 


YIELD  STRENGTH:  1 18.  0-  124.  0  KSI 
ULT  STRENGTH:  129.0-  138.0  KSI 
SPECIMEN  THK:  0.888-  1.010" 

SPECIMEN  WIDTH:  7.  390-  7.  400" 

REFERENCES:e0579.  85837 


4.11-231 


TABLE  4.11.3.92 


FATIGUE  CRACK  GROWTH  RATES  AT  DEFINED  LEVELS 
OF  STRESS  INTENSITY  FACTOR 

DATA  ASSOCIATED  WITH  FIGURE  4.11. 3. 92INDICATINO  EFFECT 

OF  ENVIRONMENT 


MATERIAL:  TITANIUM  TX-AAL-4V 

CONDITION:  RA 


DELTA  K 

DA/DN  <i04»«-6  IN. /CYCLE) 

(K8X*XN*«l/2> 

A 

B 

C 

0 

E*  R.  T. 

Em  R.  T. 

E«  R.  T. 

L.  H.  A. 

J.  P.  4 

8.  T.  U. 

6HZ 

IHZ 

IHZ 

A:  8.  94 

.  231 

delta  KB:  7.  99 

.  226 

MXN  C:  A.  08 

.  0803 

0: 

7.  00 

.  179 

8.  00 

.  226 

.  346 

9.  00 

.  844 

.  379 

.  604 

10.  00 

.  937 

.  717 

.  964 

13.  00 

8.  49 

3.  98 

3.  78 

14.  00 

9.  74 

7.  91 

9.  93 

80.  00 

11.  4 

14.  2 

12.  7 

89.  00 

80.  a 

26.  3 

30.  00 

33.  0 

47.  6 

39.  00 

49.  9 

79,  4 

40.  00 

78.  9 

126. 

90.  00 

208. 

289. 

60.  00 

609. 

998. 

70.  00 

1160. 

A;  63. 39 

093. 

DELTA  KB:  84.  76 

29.  7 

MAX  C;  71.06 

1242. 

D; 

ROOT  MEAN  SQUARE 

27.  79 

13.  87 

33.  61 

PERCENT  ERROR 

LIFE 

PREDICTION 

RATIO 

SUMMARY 

<NP/NA) 


0.  0-0.  5 
0.  9-0.  8  1 

0.8-1.29  1 

1.  29-2.  0  1 

>2.  0 


1 


1 


TABLE  4.11.3.93 


FATIGUE  CRACK  GROWTH  RATES  AT  DEFINED  LEVELS 
OF  STRESS  INTENSITY  FACTOR 

DATA  ASSOCIATED  WITH  FIGURE  4. 11.3. 93INDICATINO  EFFECT 


OF  ENVIRONMENT 


MATER I AL: 
CONOITION: 

TITANIUM 

RA 

TI-6AL 

-4V 

DELTA  K 

OA/DN  (10*»-6  IN.  /CYCLE) 

(KSI*IN<HH/2) 

A 

B  C 

0 

K 

■ 

III 

F.  C.  8. 

A 

13.  81 

3.  33 

DELTA  K  B 

MIN  C 

D 

16.  00 

4.  36 

20.  00 

e.  72 

29.  00 

16.  8 

30.  00 

24.  7 

A 

30.  21 

24.  9 

' 

DELTA  K  B 

MAX  C 

0 

ROOT  MEAN 

SQUARE 

4.  69 

PERCENT  ERROR 


LIFE 

PREDICTION 

RATIO 

8UHMARY 

(NP/NA) 


0.  0-0.  9 
0.  9-0.  8 
0.  8-1.  29 
1.  29-2.  0 
>2.  O 


1 


CONDITION/HT:  RA 
FORM:  1.  50"TH  PLATE 

SPECIMEN  TYPE:  CT 
ORIENTATION  T-L 
STRESS  RATIO:  +0.  08 
FREQUENCY:  1.00  HZ 


AK  (MPA  v/m) 

4  10  40  100 


M  a> 


^V^R^NMENT: 


R.  T. . 


1  10  40  100 

T-T-pTTn — I"  '"PTT'n 

ENVIRONMENT: 


4  10  40  100 

AK  (KSI  v/Tn) 


YIELD  STRENGTH:  117.  0  KSI 
ULT.  STRENGTH;  133.0  KSI 
SPECIMEN  THK :  1 .  380  " 

SPECIMEN  V\/I0TH:  4.000" 
REFERENCESS857g 


AK  (MPA  v/m) 
I  10  4 


10° 

® 

10^ 

10’ 

10° 

10  ^ 

10^ 

10'^ 

10* 

10“ 

10® 

10* 

10-^ 

10® 

10-® 

10° 

® 

4  10 

r  M  '  IT*! — 

ENVIRONMENT; 


4  10 

-r-r-p-pn — 

ENVIRONMENT: 


4  10  < 

AK  (KSI  v/Tn) 


Figure  4.11.3.93 
4.11-235 


TITAN. 

ALLOY 


TI-6AL- 

4V 


TABLE  4.11.3.94 


FATIGUE  CRACK  GROWTH  RATES  AT  DEFINED  LEVELS  a 

OF  STRESS  INTENSITY  FACTOR 

DATA  ASSOCIATED  WITH  FIOURE4.il.  3.94  INDICATING  EFFECT 


OF  ENVIRONMENT 


MATERIAL:  TITANIUM 
CONDITION:  RA 

TI-6AL-4V 

DELTA  K 
(K8I«IN««l/2) 

DA/DN  (10**-6 

A  B 

IN.  /CYCLE) 

C 

D 

E»  R.  T. 

L.  H.  A. 

A:  11.70 

DELTA  K  B: 

MIN  C: 

D: 

1.  48 

13.  00 

2.  98 

A:  19.81 

DELTA  K  B: 

MAX  C: 

D: 

9.  79 

ROOT  MEAN  SQUARE 
PERCENT  ERROR 

10.  94 

LIFE  O.  0-0.  3 

PREDICTION  O.  5-0.  8 

RATIO  O.  8-1.  29  1 

SUMMARY  1.29-2.0 
(NP/NA)  >2.  0 


CONDITION/HT:  RA 
FORM:  1.50"TH  PLATE 

SPECIMEN  TYPE:  CT 
ORIENTATION  T-L 
STRESS  RATIO:  ♦0.  50 
FREQUENCY:  6.  00  HZ 


AK  (MPA  y/m) 

4  10  40  100 


^V^R^NMENT: 


R.  t. , 


4  10  40  100 

"['■"'"r’l'I'l - 1  >  I  M'l'l 

ENVIRONMENT: 


4  10  40  100 

AK  (KSI  -v/Tn) 


YIELD  STRENGTH:  121.  0  KSI 
ULT.  STRENGTH:  135.0  KSI 
SPECIMEN  THK:  1.  013’' 
SPECIMEN  WIDTH:  7.  380” 
REFERENCES:85837 


AK  (MPA  >/m) 
I  10  4 


10° 

(D 

10' 

10’ 

10  ^ 

10' 

10-^ 

10  ‘ 

10 

10'^ 

10* 

10'* 

10‘ 

10® 

io' 

10° 

® 

10' 

10’ 

10'^ 

10 

10'^ 

io' 

10 

10'* 

10* 

10'® 

10' 

10'® 

io‘ 

4  10 

J  ■  r  J  '  M'PJ - 

■NVIRONMENT: 


4  10 

“I'M  M'l'l - 

ENVIRONMENT: 


4  10  ^ 

AK  (KSI  v^) 


Figure  4.11.3.94 
4.11-237 


TITAN. 

ALLOY 

TI-6AL- 

4V 


TABLE  4.11.3.95 


a 


I 


FATIGUE  CRACK  GROWTH  RATES  AT  DEFINED  LEVELS 
OF  STRESS  INTENSITY  FACTOR 

DATA  ASSOCIATED  WITH  FIGURE  4. 11.3. 95INDICATING  EFFECT 

OF  ENVIRONMENT 


MATERIAL:  TITANIUM  TI-6AL-4V 

CONDITION:  RA 


CONDITION/HT;  RA 
FORM;  2.  00'‘TH  PLATE 
SPECIMEN  TYPE:  CT 
ORIENTATION  L-T 
STRESS  RATIO:  *0.  08 
FREQUENCY: 


YIELD  STRENQTH:  1 19.  0-  122.  0  KSI 
ULT.  STRENGTH;  131.0-  133.0  KSI 
SPECIMEN  THK:  0.  998-  1.  000" 

SPECIMEN  WIDTH:  7.  400" 
REFERENCES:8S837,  88579 


TITAN. 

ALLOY 


TI-eAL- 

4V 


TABLE  4.11,3.96 


FATIOUE  CRACK  GROWTH  RATES  AT  DEFINED  LEVELS 
OF  STRESS  INTENSITY  FACTOR 

DATA  ASSOCIATED  WITH  FI0URE4.il. 3.96 INDICATING  EFFECT 

OF  ENVIRONMENT 


MATERIAL:  TITANIUM 
CONDITION:  RA 


T1-6AL-4V 


DELTA  K 
(Kai«IN««l/2) 


DA/DN  (10««-A  IN. /CYCLE) 


E-  R.  T. 
8.  T.  W. 


DELTA  K  B 
MIN  C 
D 


13.  83 


16.  00 
20.  00 
39.  00 


2.  13 
8.98 
27.  9 


A;  26. 33 
DELTA  K  f: 

MAX  C; 

0: 


33.  2 


ROOT  MEAN  SQUARE 
FERCENT  ERROR 

LIFE  0.  0-0.  9 
PREDICTION  0.  9-0.  8 
RATIO  0.  B-1.29 
SUMMARY  1.29-2.0 
<NP/NA)  >2.  0 


10.  04 


4.11-240 


TABLE  4.11.3.97 


FATIGUE  CRACK  GROWTH  RATES  AT  DEFINED  LEVELS 
OF  STRESS  INTENSITY  FACTOR 

DATA  ASSOCIATED  WITH  FIGURE4. 11. 3.97 INDICATING  EFFECT 

OF  STRESS  RATIO 


MATERIAL:  TITANIUM  TI-AAL-4V 

CONDITION:  RA 
ENVIRONMENT;  R.  T.  .  S.  T.  W 


DELTA  K 

DA/DN  <lO**-6  IN. /CYCLE) 

(K8I*IN»«l/2) 

ABC 

R-+0.  08 

A;  7.  SO 

.  142 

DELTA  K  B: 

MIN  C; 

D: 

8.  00 

.  215 

9.  00 

.  594 

10.  00 

.  77B 

13.  00 

1.  31 

16.  00 

3.  25 

20.  00 

13.  4 

25.  00 

37.  5 

A;  28.  44 

54.  6 

DELTA  K  B: 

* 

MAX  C: 

ROOT  MEAN  SQUARE 
PERCENT  ERROR 


22.  56 


CONDITION/HT;  RA 
FORM:  2.  50"TH  PLATE 

SPECIMEN  TYPE:  CT 
ORIENTATION:  L-T 
FREQUENCY:  1.  00  HZ 

ENVIRONMENT:  R.  T.  ,  S,  T.  W. 


AK  (MPA  y/m] 

4  10  40  100 


4  10  40  100 

1"'!"'  I'HI - n'-ffp |T“ 

STRESS  RATIO  » 


4  10  40  100 

AK  (KSI  v^) 


YIELD  STRENGTH:  120.  0  KSI 
ULT.  STRENGTH:  131.0  KSI 
SPECIMEN  THK:  1.  000" 
SPECIMEN  WIDTH:  5.  000" 
REFERENCESS8570 


TITAN. 

ALLOY 


T1-6AL- 

4V 


10° 

(D 

10* 

10  ’ 

10° 

10  ^ 

10* 

10-^ 

10^ 

10“* 

10® 

10'^ 

10^ 

10° 

10® 

10° 

® 

10* 

10’ 

10° 

10‘ 

10* 

lO-^* 

10° 

10'^ 

10* 

10° 

10^ 

10° 

lO® 

AK  (MPA  Vm) 

4  10  40  100 


10  ^  ^ 


10^1 


10  "*  « 


4  10  40  100 


,0=1 


lO  "*  rt 


4  10  40  100 

AK  (KSI 


Figure  4.11.3.97 
4.11-243 


TABLE  4.11.3.98 


FATIGUE  CRACK  GROWTH  RATES  AT  DEFINED  LEVELS 
OF  STRESS  INTENSITY  FACTOR 

DATA  ASSOCIATED  WITH  FIGURE  4. 11.  3.98INDICATINO  EFFECT 

OF  ENVIRONMENT 


MATERIAL:  TITANIUM 
CONDITION:  RA 


TI-&AL-4V 


DELTA 

K 

DA/DN  <10>«-6 

IN.  /CYCLE) 

<K8I»IN««l/2) 

A 

B 

C 

D 

E-  R.  T. 

E-  R.  T. 

L.  H.  A. 

S.  T.  W. 

i»HZ 

IHZ 

A: 

11.  40 

.  961 

delta 

K 

B. 

11.  39 

.  991 

MIN 

C; 

■ 

D; 

i  'J.  )0 

.  811 

1.  70 

j 

00 

4.  76 

3.  96 

^ ! 

1 

20.  00 

10.  4 

9.  34 

29.  00 

19,  9 

28.  1 

i 

30.  00 

34.  8 

i 

DELTA 

K 

A: 

B; 

32^,5^ 

rThs 

9 

34.  6 

i 

1 

MAX 

C: 

D: 

i 

I 

ROOT  MEAN  80UARE 

13.  29 

19.  40 

i 

1 

PERCENT  ERROR 


LIFE 

PREDICTION 

RATIO 

SUMMARY 

<NP/NA} 


0.  0-0.  9 
0,  9-0,  8 
0.  a-1.  25 

1.29-2.  0 
>2.  0 


4.11-244 


CONDITION/HT;  RA 
FORM:  2.  50"TH  PLATE 

SPECIMEN  TYPE:  CT 
ORIENTATION  L-T 
STRESS  RATIO:  +0.  0B 
FREQUENCY: 


AK  (MPA  y/m) 

4  10  40  100 

I  '  I  '  IM'I - 1  M'l'l'l 

ENVIRONMENT:  R.  T.  . 

L.  H.  A. 

8HZ 


4  10  40  100 

I"'  I  '  IM'I  I  MM  'I'l 

ENVIRONMENT: 


4  10  40  100 

AK  (KSI  \/Tn) 


YIELD  STRENGTH:  122.  0  KSI 
ULT.  STRENGTH:  138.0  KSI 
SPECIMEN  THK:  0.090-  1.000" 

SPECIMEN  WIDTH:  7.  390-  7.  400" 

REFERENCES:8e57g 


AK  (MPA  x/m) 
4  10  4 

^  b  I  '  1 1  IM'I — 

/  _  ENVIRONMENT:  R.  ^ 
S.  T.  W. 

-2  “  IHZ 


10° 

10  ’ 

10 

10'^ 

10 

10'^ 

10" 

10'^ 

10 

10’^ 

10* 

in® 

10 

10* 

1  4  10  40 

ETT’  1 '  iT'i — r~T~r 

-  ENVIRONMENT 


4  10 

AK  (KSI  V^) 


Figure  4.11.3.98 
4.11-245 


TITAN. 

ALLOY 


TI-8AL- 

4V 


10'^ 


TABLE  4.11.3.99 


,s 


V 


FATIGUE  CRACK  GROWTH  RATES  AT  DEFINED  LEVELS 
OF  STRESS  INTENSITY  FACTOR 

DATA  ASSOCIATED  WITH  FIGURE  4. 11.3. 991NDICATINO  EFFECT 


OF  ENVIRONMENT 


MATERIAL;  TITANIUM 
CONDITION:  RA 

TI-6AL- 

'4V 

DELTA  K 

DA/ON  (10««-6  IN.  /CYCLE) 

<K8I*IN**l/2) 

A 

B  C 

0 

E=  R.  T. 

E-  R.  T. 

L.  H.  A. 

S.  T.  W. 

6HZ 

IHZ 

! 

A:  10.  70 

.  357 

DELTA  KB;  10.  73 

.  743 

MIN  C: 

' 

D: 

] 

13.  00 

1.  12 

1.  37 

16.  00 

3.  91 

3.  28 

1 

20.  00 

9.  89 

9.  12 

1 

29.  00 

20.  7 

23.  1 

->  i 

30.  00 

40.  6 

viif ; 

A:  29. 26 

27.  4 

DELTA  K  B:  31.  96 

49.  4 

1 

MAX  C: 

i 

D: 

1 

ROOT  MEAN  SQUARE 

9.  23 

19.  94 

! 

PERCENT  ERROR 

j 

LIFE  O.  0-0.  3 

PREDICTION  O.  9-0.  8  1 

RATIO  0.8-1.29  1  1 

SUMMARY  1.  29-2.  0 
(NP/NA)  >2.  0 


3 

‘A 

y, 

'A 

V, 


III 


4.11.246 


i 


CONDITION/HT:  RA 
FORM:  2.  50 "TH  PLATE 

SPECIMEN  TYPE:  CT 
ORIENTATION  T-L 
STRESS  RATIO:  *0.  06 
FREQUENCY: 


YIELD  STRENGTH:  122.  0  KSI 
ULT.  STRENGTH:  135.0  KSI 
SPECIMEN  THK:  0.960-  1.000' 

SPECIMEN  WIDTH:  7.  400" 
REFERENCESSesyg 


TITAN. 

ALLOY 


TI-6AL- 

4V 


10 


Itf' 


^10* 


•o 


AK  (MPA  -x/m) 

4  10  40 


100 


lO-tr 


10' 


10 

© 


10 


10' 


o  10  ‘ 

■o 


=  1  '  1 '  I'I'I  1  ’  J  '  1  'I'l 
-  ENVIRONMENT:  R.  T.  ,  _ 

“  6H2*  - 

— 

— 

— 

— 

j 

: 

a 

— 

I.  ,1  i.  ill  ill 

_ t  1  1  iliU 

diO' 


10 


10 


10 


10 


-2 


10 


10' 


,-5 


-i 


10®  br 


.•7 


10 


10' 


4  10  40  100 

'  I'l'l  “T  '  I'l'I'I — 

ENVIRONMENT:  —  10' 


<  I  ■ 


1  ■  I  ■III. 


-dio-’ 


10‘ 


10 


10‘* 


10 


,-5 


10 


1-6 


4  10  40 

AK  (KSI  v/m) 


100 


AK  (MPA  v/m) 

4  10  40  100 


,-2 


10 


10* 


10" 


-5 


10‘ 


10 


.-7 


10 

10’* 
® 
10  ‘ 


3MII!lil!W.IMMigJIIUI»i 

-3; 

: 

-3 

— 

/ 

-3 

— 

/ 

-3 

- 

— 

_ 1 _ 1  1 1  1 1 1 1 

HH 

-3 

10 


10' 


10 


2  ^ 


o 

o 


10'^  I 


lo"  1 

•o 


10- 


10' 


40  100 


,•3 


10' 


10 


10' 


10 


10 


10' 


=  1  'Ml  'T'l  1  '  ]■'  I'I'I  '  -+ 
-  ENVIRONMENT:  ~ 

— 

-3 

— 

-3 

— 

-3 

— 

-3 

- 

— 

— -L-i-  1  ■ 

mi 

-3 

10‘  ^ 

o 

>- 

y 

10-^1 

z 

.  ■o 

10^  « 
■u 


lO- 


10 


1-6 


AK  (KSI  v/Tn) 


Figure  4.11.3.99 


4.11-247 


TABLE  4.11.3.100 


FATIGUE  CRACK  GROWTH  RATES  AT  DEFINED  LEVELS 
OF  STRESS  INTENSITY  FACTOR 

DATA  ASSOCIATED  WITH  F I CURE 4. 11. 3. 103 ND I CAT I NO  EFFECT 

OF  ENVIRONMENT 
TANIUM  TI-6AL-4V 


MATERIAL;  TITANIUM 
CONDITION:  RA 


DELTA  K 
<KSI*IN««l/2) 


DA/DN  ( IN.  /CYCLE) 
B  C 


E» 

L.  H.  A. 


DELTA  K  B 
MIN  C 
O 


18.  54 


2.  02 


DELTA  K  B 
MAX  C 
0 


20.  00 

3.  34 

25.  00 

10.  6 

30.  00 

21.  5 

35.  OO 

36.  3 

40.  00 

57.  6 

50.  00 

145. 

60.  00 

405. 

62.  29 

521. 

ROOT  MEAN  SQUARE 
PERCENT  ERROR 


8.  69 


LIFE 

PREDICTION 

RATIO 

SUMMARY 

(NP/NA) 


O.  0-0.  5 
O.  5-0.  a 
0.  8-1.  25 
1.  25-2.  0 
>2.  O 


CONDITION/HT:  RA 
FORM;  3.  50"TH  PLATE 
SPECIMEN  TYPE:  CT 
ORIENTATION  L-T 
STRESS  RATIO;  -0.  08 
FREQUENCY;  6.  00  HZ 


AK  (MPA  v/m) 


AK  (KSI  -s/Tn) 


Figure  4 


YIELD  STRENGTH;  1 18.  0  KSI 
ULT.  STRENGTH:  129.  0  KSI 
SPECIMEN  THK :  1 .  000  " 
SPECIMEN  WIDTH:  6.  000" 
REFERENCESS857S 


AK  (MPA  v/m) 


TITAN. 

ALLOY 


10’ 


10'^ 


a> 


10 


■3 


o 

>. 


E 

E 


lO"* 


z 

•o 

*0 


10'^ 


10® 


10° 


10’ 


10’^ 


o 

o 


10'^ 


z 

"O 

'v. 


10® 


10'° 


AK  (KSI  v/Tn) 


11.3.100 


4.11-249 


TABLE  4.11.3.101 


FATIGUE  CRACK  GROWTH  RATES  AT  DEFINED  LEVELS 
OF  STRESS  INTENSITY  FACTOR 

DATA  ASSOCIATED  WITH  FIGURE4. 11. 3 . lOlINDICATING  EFFECT 


OF  STRESS  RATIO 


MATERIAL:  TITANIUM 
CONDITION:  RA 
ENVIROfMENT:  R.  T. 

TI-6AL-4V 

.  S.  T.  W. 

DELTA  K 

DA/DN  <10**-6  IN. /CYCLE) 

(K8I«IN«»l/2> 

A  B  C  D 

R-'H).  08 

A 

6.  72 

.  356 

DELTA  K  B 
MIN  C 
D 

7.  00 

.  384 

a.  00 

.  573 

9.  00 

.  957 

10.  00 

1.  65 

13.  00 

7.  24 

16.  00 

20.  0 

20.  00 

36.  8 

A 

21.  08 

38.  2 

DELTA  K  B 
MAX  C 

0 

ROOT  MEAN 

SQUARE 

9.  22 

PERCENT  ERROR 

LIFE  0.0-0.  5 

PREDICTION  0.  S-0.  8 

RATIO  0.8-1.25  1 

8UMHARY  1.25-2.0 
(NP/NA)  >2.0 


CONDITION/HT:  RA 
FORM;  FORCING 
SPECIMEN  TYPE:  CT 
ORIENTATION:  L-T 
FREQUENCY:  1.00  HZ 

ENVIRONMENT:  R.  T. ,  S,  T.  W. 


YIELD  STRENGTH:  123.  0  KSl 
ULT.  STRENGTH:  136.0  KSI 
SPECIMEN  THK:  0.  000" 
SPECIMEN  WIDTH:  6.  000" 
REFERENCES6057e 


AK  (MPA  v/m) 


10' 


10'* 


10‘ 


10 


•3 


_Jio- 


10 


,-5 


^-6 


AK  (MPA  ■v/rfT) 

4  10  40  100 


10° 

(D 

10' 

10’ 

10‘* 

10' 

i0' 

10'^ 

10 

10‘ 

10^ 

10* 

10 

10® 

i0‘ 

"r  'THTT 

— r 

'  TITT 

- 

STRESS  RATIO  = 

- 

-r 

- 

— 

— 

-:3 

E 

-- 

1  ■  1  ■  l.li 

_ 1 

1  1 1 1 1 ii 

1 

4  10 

40  100 

10' 


-2  _ 


10 

<J 

U 

.0"! 

10"*  1 
•D 


10" 


10 


.2 


>■3 


10 


10 


10' 


.•8 


10 


10 


10 


=  T  'T'i'i'i  r~n 

~  STRESS  RATIO  = 

"TTT 

— 

— 

— 

— 

— 

— 

I.J  1  1  1  hll 

1  ■ 

1 

10'^  ^ 


o 

>. 

u 


10 


3  E 


rJ  E 


2 

■D 


10 


,-6 


AK  (KSI  v/m) 


4  10  40  100 

AK  (KSI  v/lri) 


Figure  4.11.3.101 
4.11-251 


.-  if,',-.  . 


•_ 


TABLE  4.11.3.102 


FATIGUE  CRACK  GROWTH  RATES  AT  DEFINED  LEVELS 
OF  STRESS  INTENSITY  FACTOR 

DATA  ASSOCIATED  WITH  FI0URE4 .11. 3. 102INDICATINO  EFFECT 


OF  STRESS  RATIO 


MATERIAL:  TITANIUM 
CONDITION:  RA 
ENVIRONMENT:  R.  T. 

TI-6AL-4V 

.  S.  T.  W. 

DELTA  K 

DA/DN  (10**-6  IN.  /CYCLE) 

(KSI«lN««l/2) 

A  B  C  D 

R-4-0.  08 

A 

10.  96 

1.  07 

DELTA  K  B 
MIN  C 

D 

13.  00 

2.  90 

16.  00 

6.  47 

20.  00 

16.  1 

25.  00 

36.  1 

30.  00 

64.  4 

39.  00 

99.  4 

40.  00 

139. 

90.  00 

229. 

A 

94.  92 

264. 

DELTA  K  B 
MAX  C 

D 

ROOT  MEAN 

SQUARE 

22.  89 

PERCENT  ERROR 

LIFE  0.  0-0.  9 

PREDICTION  0.  9-0.  S 

RATIO  0.8-1.  S3  1 

8UHHARY  1 .  S9-2.  0  1 

(NP/NA)  >2.  0 


CONDITION/HT:  RA 
FORM;  FORCING 
SPECIMEN  TYPE:  CT 
ORIENTATION:  T-L 
FREOUENCY;  1.00  HZ 
ENVIRONMENT:  R.  T.  ,  8.  T.  W. 


YIELD  STRENGTH;  110.  0-  124.0  KSI 
ULT.  STRENGTH;  132.0-  136.0  KSI 
SPECIMEN  THK;  0.010-  l.OlO** 
SPECIMEN  WIDTH;  6.  000" 
REFERENCE888570 


TITAN. 

ALLOY 


®  E 


AK  (MPA  y/m) 

4  10  40  100 


10 


lor’ 

u  . 

2rio‘ 

z  .s 

I  10* 

■o 


10 

10'^ 

10-' 

© 

10‘ 

10-" 

I  10* 
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Itf' 
10'^ 


=  1  '  1  'ITH - 1  'T'l^ — 

~  STRESS  RATIO  «  -^0.  08  = 

-= 

-= 

- 

/ 

— 

r 

— 

1 

— 

^  ,  1  i  1  Utk 

. l,.i  J  lIjiIl 

1 


10 


40  100 


=  1  '■  iT'i'i — r '  P'l HI — ^ 
~  STRESS  RATIO  •  "= 

* 

— 

— 

-= 

— 

— 

: 

: 

— 

1  i.lililiJ 
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"i 
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10 
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itf* 
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10* 
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10’* 
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® 
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Id* 

10* 

i{^* 

10* 
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ia* 

id* 

10* 

=n  '  1 '  I'MI  1  '  i  '  IM^l  ^ 
“  STRESS  RATIO  •  “= 

— 

- 

■in 

-= 

- 

— 

— 

• 

— 

1  1 . [j-Ui. 

-= 

TI-8AL‘ 

4V 
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10 


7  ^ 

w 
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10‘ 


z 

10-^ 


-=Jio' 
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40  100 
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10' 


=  1  '  1 '  P'fi — 1  '  1  np'n  ^ 
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Figure  4,11,  3 ,  l.()2 
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TABLE  4.11.3.103 


FATIOUE  CRACK  GROWTH  RATES  AT  DEFINED  LEVELS 
OF  STRESS  INTENSITY  FACTOR 

DATA  ASSOCIATED  WITH  FI0URE4. 11. 3. 103NDICATING  EFFECT 


OF  STRESS  RATIO 


MATERIAL:  TITANIUM 
CONDITION.  RA 
ENVIRONMENT:  R.  T. 

TI-AAL- 

.  L.  H.  A. 

-4V 

DELTA  K 

DA/DN  (10**-6  IN.  /CYCLE) 

<K8I«IN»»l/2) 

A 

B  C 

D 

R-^O.  OS 

R-+0.  30 

A:  10.  40 

.  132 

delta  KB:  9. 44 

.  S66 

MIN  C: 

D: 

10.  00 

1.  22 

13.  00 

.  618 

4  26 

lA.  00 

1.  93 

8.  77 

20.  00 

6.  76 

16.  2 

25.  00 

13.  9 

28.  2 

30.  00 

23.  3 

45.  4 

35.  00 

72.  4 

40.  00 

117 

50  00 

324. 

A:  34,  94 

36.  0 

DELTA  K  B:  57.20 

710. 

MAX  C: 

D: 

ROOT  MEAN  SOUARE 

12.  27 

8.  17 

PERCENT  ERROR 

LIFE  0.  0-0.  5 
PREDICTION  0.  5-0  8 
RATIO  0.8-1.25 
SUMMARY  1.25-2  0 
<NP/NA)  >2. 0 


1 


1 


CONDITION/HT:  RA 
FORM:  4.  00"TH  FORGING 

SPECIMEN  TYPE:  CT 
orientation.  L-T 
FREQUENCY:  6.00  H2 

ENVIRONMENT:  R.  T.  ,  L.  H.  A. 


YIELD  STRENGTH:  121.  0  KSI 
ULT.  STRENGTH:  132.  0  KSI 
SPECIMEN  THK:  1.000" 
SPECIMEN  WIDTH:  7.  400" 
REFERENCES:e8578 


STRE 


TITAN. 

ALLOY 


TI-6AL- 

4V 


TABLE  4,11.3.104 


FATIGUE  CRACK  GROWTH  RATES  AT  DEFINED  LEVELS 
OF  STRESS  INTENSITY  FACTOR 

DATA  ASSOCIATED  WITH  F10URE4.il. 3. 104INDICATINO  EFFECT 

OF  ENVIRONMENT 


MATERIAL:  TITANIUM 
CONDITION:  RA 

TI-6AL- 

•4V 

DELTA  K 

DA/DN  (10**-6 

IN.  /CYCLE) 

(KSI*IN**l/2) 

A 

B 

C 

D 

E=  R.  T. 

a: 

1 

UJ 

L.  H.  A. 

J.  P.  4 

A:  9.  37 

.  349 

DELTA  K  B:  12.  53 

933 

MIN  C: 

D: 

10.  00 

.  38e 

13.  00 

.  844 

.  812 

16.  00 

2.  04 

1.  38 

20.  00 

5.  78 

5.  54 

25.  00 

15.  9 

14.  2 

30.  00 

34.  1 

26.  6 

35.  00 

60.  1 

40.  00 

91.  3 

50.  00 

166. 

A.  58.  69 

341. 

DELTA  KB:  32.  23 

34.  8 

MAX  C: 

D: 

ROOT  MEAN  SOUARE 

25.  76 

17.  99 

PERCENT  ERROR 

LIFE 

0.  0-0.  5 

•  •  •  * 

PREDICTION 

0.  5-0.  8 

RATIO 

0.  8-1.  25 

SUMMARY 

1.  25-2.  0 

(NP/NA) 

>2.  0 

4.11-256 


CONDITION/HT:  RA 
FORM:  4,  00"TH  FORGING 

SPECIMEN  TYPE;  CT 
ORIENTATION-  L-T 
STRESS  RATIO:  ♦O.  08 
FREQUENCY:  1.  00  HZ 


YIELD  STRENGTH:  121.  0  KSI 
ULT.  STRENGTH.  132.0  KSI 
SPECIMEN  THK.  0.  950-  1.  000“ 

SPECIMEN  WIDTH:  7.  400" 
REFERENCES:8BS7g 


TITAN. 

ALLOY 


TI-6AL- 

4V 


AK  (MPA  v/m) 


ENT:  R 


AK  (MPA  v/m) 


ENVIRONMENT:  R.  T 
J.  P. 


ENVIRONMENT; 


•'-’T .  *- 


..U.  : 

4  0 

4  '  »  ' 


10" 

10° 

nS' 

10' 

10’ 

10 

10* 

io" 

10* 

10’ 

i(r* 

ft 

io' 

10' 

10* 

io' 

ENVIRONMENT 


Figure  4.11.3, 104 
4 . 1 


4  10  < 

AK  (KSI  v/m) 


TABLE  4.11.3.105 


FATIGUE  CRACK  GROWTH  RATES  AT  DEFINED  LEVELS 
OF  STRESS  INTENSITY  FACTOR 

DATA  ASSOCIATED  WITH  FI0URE4.il. 3. 103NDICATINC  EFFECT 


OF  STRESS  RATIO 


MATERIAL:  TITANIUM 
CONDITION:  RA 
ENVIRONMENT:  R.  T 

TI-6AL 

.  H.  A. 

-4V 

DELTA  K 

DA/DN  (10**-6  IN,  /CYCLE) 

<K8I«lN#«l/2> 

A 

B  C 

D 

R-+0.  08 

R— »-0.  50 

A:  12.  73 

.  837 

delta  KB:  9. 49 

2  14 

MZN  C: 

D: 

10.  00 

2.  68 

13.  00 

.  920 

6  78 

lA.  00 

2.  93 

11.  9 

20.  00 

7.  69 

19.  8 

29.  00 

19.  1 

32.  7 

30.  00 

32  8 

51.  6 

39.  00 

48.  1 

'11,  3 

40  00 

67.  2 

90.  00 

139 

60.  00 

327. 

A:  68.  69 

88^. 

DELTA  KB:  37.  30 

101 

MAX  C: 

D: 

ROOT  MEAN  8GUARE 

13.  63 

7  38 

PERCENT  ERROR 

LIFE 

PREDICTION 

RATIO 

lUHNARY 

(NP/NA) 


0  0-0  5 
0,  b-0.  B 
0  e-i  25 
1. 29-2  0 
>2  0 


I 


CONDITION/HT:  RA 
FORM:  4.  00"TH  FORGING 

SPECIMEN  TYPE:  CT 
ORIENTATION:  T-L 
FREQUENCY;  6.  00  HZ 
ENVIRONMENT:  R.  T.  .  L.  H.  A. 


YIELD  STRENGTH:  119.  0-  128.0  KSI 
ULT  STRENGTH:  127.0-  136.0  KSI 
SPECIMEN  THK:  1.  000" 

SPECIMEN  WIDTH:  7.  400" 
REFERENCESSe579 


AK  (MPA  -v/ffi)  V^) 

4  10  40  100  4  10  40  100 


AK  (KSI  \/Tn)  AK  (KSI  v/m) 


TITAN. 

ALLOY 

TI-6AL- 

4V 

10’ 


o 

>> 

u 


10 


3 


E 

E 


10'^ 


2 

T3 

■D 


10* 


10* 


10° 


10’ 


10  ^  4? 


u 

u 


10'^ 


z 

V 

■V, 

rj 

V 


10* 


10'* 


I lyuro  4.11.3. lo j 


4,  n-Z'>'3 


TABLE  4.11.3.106 


a 


FATIGUE  CRACK  GROWTH  RATES  AT  DEFINED  LEVELS 
OF  STRESS  INTENSITY  FACTOR 

DATA  ASSOCIATED  WITH  FI0URE4. 11. 3.10aNDICATINO  EFFECT 

OF  STRESS  RATIO 


MATERIAL;  TITANIUM 
CONDITION:  RA 
ENVIRONMENT:  R.  T.  .  8.  T.  W. 


TI-AAL-4V 


DELTA  K 
(KSI»IN«*1/S) 


DA/DN  IN.  /CYCLE) 


R-kO.  50 


DELTA  K  B 
HIN  C 
D 


DELTA  K  B: 


7.  69 


40.  43 


ROOT  MEAN  60UARE 
PERCENT  ERROR 


1.  88 


8.  00 

1.  81 

9.  00 

2.  18 

10.  00 

3.  39 

13.  00 

14.  7 

16.  00 

33.  8 

20.  00 

61.  3 

25.  00 

103. 

30.  00 

171. 

33.  00 

277. 

40.  00 

426. 

13.  31 


LIFE 

PREDICTION 

RATIO 

SUMMARY 

(NP/NA) 


0.  0-0.  3 
0.  3-0.  8 
0.  8-1.  23 
1 .  23-2.  0 
>2.  0 


4.11-260 


CONDITION/HT;  RA 
FORM:  4.  00"TH  FORGING 

SPECIMEN  TYPE:  CT 
ORIENTATION:  T-L 
FREQUENCY:  1.00  HZ 

ENVIRONMENT:  R.  T.  ,  S.  T.  W. 


AK  (MPA  %/m) 

4  10  40  100 


I® 


4  10  40  100 

I"'  rnni — i  tthtt"' 

STRESS  RATIO  = 


4  10  40  100 

AK  (KSI  %/In) 


YIELD  STRENGTH:  128.  0  KSI 
ULT.  STRENGTH:  138.0  KSI 
SPECIMEN  THK:  0.880" 
SPECIMEN  WIDTH:  7.  400" 
REFERENCESS857g 


AK  (MPA  %/m) 
4  10  4C 


10° 

vs/ 

10  ’ 

10^ 

10'^ 

10- 

10'^ 

io' 

10'^ 

io' 

10‘* 

10* 

10° 

10‘ 

io' 

4  10 


10° 

vs/ 

10’ 

10‘ 

10'* 

10 

lo’ 

io" 

la^ 

10' 

10* 

io' 

10* 

10' 

io' 

TITAN. 

ALLOY 


4  10  ^ 

AK  (KSI  %/Tn) 


riguro  4,11.3.106 
4.11-201 


10'^  1 
■o 


10’^  u 


Z 

.  v> 
10  15 
•o 


TABLE  4.11.3.107 


FATIGUE  CRACK  GROWTH  RATES  AT  DEFINED  LEVELS 
OF  STRESS  INTENSITY  FACTOR 

DATA  ASSOCIATED  WITH  FIGURE4.il. 3. lOlNDICATINO  EFFECT 

OF  ENVIRONMENT 


MATERIAL:  TITANIUM 
CONDITION:  RA 


TI-&AL-4V 


DELTA 

K 

DA/DN  <10««-6 

IN.  /CYCLE) 

(KSI*IN»*l/2) 

A 

B 

C 

E«  R.  T. 

E-  R.  T. 

S.  T.  W. 

8.  T.  U. 

8P  THK.  77“ 

SP.  THK.  »1.  04" 

A: 

9.  95 

.  707 

DELTA  K 

B: 

a.  02 

.  186 

MIN 

C: 

D: 

9.  00 

.  398 

10.  00 

.  694 

.  742 

13.  00 

1.  60 

2.  79 

16.  00 

9.  77 

6.  48 

20.  00 

14.  0 

14.  9 

29.  00 

29,  9 

33.  9 

30.  00 

91.  9 

39.  OO 

79.  6 

40.  00 

112. 

90.  00 

192. 

A: 

98.  09 

270. 

DELTA  K 

B: 

28.  61 

96.2 

ROOT  MEAN  SQUARE 
PERCENT  ERROR 


10.  30 


29.  37 


LIFE  O.  0-0,  9 
PREDICTION  0.  9-0.  8 
RATIO  0.0-1.29 

SUMMARY  1.  29-2.  0 
(NP/NA)  >2.  0 


4.11-202 


CONDITION/HT;  RA 
FORM:  4. 00"TH  FORGING 

SPECIMEN  TYPE:  CT 
ORIENTATION  T-L 
STRESS  RATIO:  ■*•0.  08 
FREQUENCY:  1.  00  HZ 


YIELD  STRENGTH:  1 19.  0-  128.  0  KSI 
ULT.  STRENGTH.  127.  0-  136.  0  KSI 
SPECIMEN  THK: 

SPECIMEN  WIDTH:  7.  400" 
REFEPENCES:88S79 


TITAN. 

ALLOY 


TI-6AL- 

4V 


-2r  SP.  THK. -.  77" 


•2 r  SP.  THK.  -1.  0" 


4  10  40  100 


Jio' 


4  10  40  100 

AK  (KSI  \/m) 


4  10  40 


4  10  - 

AK  (KSI  -v/Tn) 


10  re 
•o 


10'  re 
■D 


Fiijuro  4,11.1.107 


4.il-2&3 


TABLE  4.11.3.108 

FATIGUE  CRACK  GROWTH  RATES  AT  DEFINED  LEVELS 
OF  STRESS  INTENSITY  FACTOR 

DATA  ASSOCIATED  WITH  FI0URE4.il. 3. lOSINDICATINO  EFFECT 

OF  ENVIRONMENT 


MATERIAL:  TITANIUM  TI-AAL-4V 

CONDITION:  STOA 


CONDITION/HT:  STOA 
FORM:  0.  62 "TH  PLATE 

SPECIMEN  TYPE;  CT 
ORIENTATION  L-T 
STRESS  RATIO:  +0.  30 
FREQUENCY:  1.  00  HZ 


YIELD  STRENGTH:  140.  0  KSI 
ULT.  STRENGTH:  150.  0  KSI 
SPECIMEN  THK  0.401" 
SPECIMEN  WIDTH:  6.000" 
REFERENCES:85e37 


TITAN. 

ALLOY 


AK  (MPA  >/m) 


AK  (MPA  v/m) 

4  10  40  100 


AK  (KSI  v^) 


TI-6AL- 

4V 


10' 


10'^  5 

U 

>. 

u 

3  E 


10 


2 

■o 

10  '’  ™ 


10'- 


10' 


10' 


10' 


10  ^  oT 


o 

>. 

u 


10 


3  E 


2 

■D 


fiyurt  4.11.5.10^ 


TABLE  4.11.3.109 


FATIGUE  CRACK  GROWTH  RATES  AT  DEFINED  LEVELS 
OF  STRESS  INTENSITY  FACTOR 

DATA  ASSOCIATED  WITH  FIGURE4.il. 8. 109ND1CATINO  EFFECT 

OF  ENVIRONMENT 


MATERIAL:  TITANIUM  TI-6AL-4V 

CONDITION:  STRESS  RELIEVED  E.  B.  WELDMENT  <WELD  ZONE) 


DELTA  K 
(K8I*IN»*l/2) 


A:  15.  48 

DELTA  KB:  25.  76 
MIN  C: 

D; 

16.  00 
20.  00 
25.  00 
30.  00 
35.  00 
40.  00 
50.  00 
60.  00 

A:  40.  52 

DELTA  K  B:  68.  14 


ROOT  MEAN  SQUARE 
PERCENT  ERROR 


E»  R.  T. 
LAB  AIR 

2.  20 


4.  77 
10.  1 
24.  6 
63.  5 
175. 
1080. 


1462. 


39.  26 


DA/ON  (10«»-6  IN.  /CYCLE) 

B  C 

E-  R.  T. 

DIST.  WATER 

5.  22 


19.  2 
78.  6 
273. 
2053. 
9009. 


21786. 


111.  76 


LIFE 

0.  0-0.  5 

PREDICTION 

0.  5-0.  8 

RATIO 

0.  8-1.  25 

SUMMARY 

1.  25-2.  0 

<NP/NA) 

>2.  0 

4. 11-2GC 

J 


CONOITION/HT;  STRESS  RELIEVED  E.  B. 
FORM:  1.  00"TH  WELDMENT 

SPECIMEN  TYPE:  CT 
ORIENTATION-  T-L 
STRESS  RATIO;  ♦0.  10 
FREQUENCY:  0.10-  10.00  H2 


WELDMENT  (WELD  ZONE) 
YIELD  STRENGTH: 

ULT.  STRENGTH; 

SPECIMEN  THK;  1.000" 
SPECIMEN  Wl  DTH ;  2.  000  " 

REFERENCES;89144 


TABLE  4.11.3.110 


FATIGUE  CRACK  GROWTH  RATES  AT  DEFINED  LEVELS 
OF  STRESS  INTENSITY  FACTOR 

DATA  ASSOCIATED  WITH  FIOURE4.11.3.110INDICATINO  EFFECT 

OF  ENVIRONMENT 


MATERIAL:  TITANIUM  TI-6AL-4V 

CONDITTON:  STRESS  RELIEVED  E.  B.  WELDMENT  (WELD  ZONe> 


DELTA 

K 

DA/DN  ( 10««-6 

IN.  /CYCLE) 

(K8Z*lN**l/2) 

A 

B 

C 

£■»  R.  T. 

175F 

3.  5*/.  NACL 

3.  57.  NACL 

A: 

21.  95 

17.  8 

DELTA 

K 

B: 

26.  50 

31  1 

MIN 

C; 

D; 

25.  00 

120. 

30.  00 

854 

S3.  6 

35.  00 

2746. 

179 

40.  00 

5987. 

895. 

SO.  00 

18134. 

A: 

51.  09 

20210. 

delta 

K 

B; 

46.  69 

8328 

ROOT  MEAN  SQUARE 

74.  94 

39  82 

PERCENT  ERROR 

LIFE  0.  0-0  5 

PREDICTION 

0  5-0  8 

RATIO 

0.  8-1  25 

SUMMARY 

1  25-2  0 

(NP/NA) 

>2  0 

4  .ll-2f.d 

CONDITION/HT:  STRESS  RELIEVED  E.  B.  WELDMENT  CWELD  ZONE> 
FORM:  1.0B‘'TH  WELDMENT  YIELD  STRENGTH: 

SPECIMEN  TYPE;  CT  ULT.  STRENGTH; 

ORIENTATION  T-L  SPECIMEN  THK:  1.  000 " 

STRESS  RATIO:  ♦B.  10  SPECIMEN  WIDTH:  2.550” 

FREQUENCY:  0.10-  10.00  HZ  REFERENCES:88144 


TITAN. 

ALLOY 


AK  (MPA  y/m) 

4  10  40  100 


a 


AK  (MPA  v^) 


T1-6AL- 

4V 


10' 


10 


-2  _ 

u 

u 

'v, 

3  E 


10 


Z 

■o 

10^  ^ 
=1  ^ 


10 


,•5 


,•6 


10 


10' 


10  ' 


10’^  5 
u 
u 


10 


■3  £ 
6 

Z 


10^  n 


A,  . 


4  0  40  100 

AK  KSI  >/in' 


4  10  40  100 

AK  (KSI  >/Tn) 


T iqure  4.11. 3. 11 j 


4.  11- 


TABLE  4.11.3.111 


FATIGUE  CRACK  GROWTH  RATES  AT  DEFINED  LEVELS 
OF  STRESS  INTENSITY  FACTOR 

DATA  ASSOCIATED  WITH  FIOURE4. 11. 3 . IIUNDICATZNO  EFFECT 


OF  ENVIRONMENT 


MATERIAL:  TITANIUM  TI-AAL 

CONDITION;  STRESS  RELIEVED  E.  B. 
AFFECTED  ZONE) 

-4V 

WELDMENT  (HEAT 

DELTA  K 

DA/DN  (10**-6 

IN.  /CYCLE) 

(KSI*IN**l/2> 

A 

B 

C 

E“  R.  T. 

E»+  175F 

£=■*.  175F 

3.  5X  NACL 

3.  5X  NACL 

3.  NACL 

. 1-10H2 

lOHZ 

.  1H2 

A;  19.  78 

14.  6 

DELTA  K  B: 

MIN  C: 

D: 

20.  00 

13.  9 

25.  00 

17.  7 

30.  00 

84.  5 

35.  00 

626. 

40.  00 

4908. 

A:  49.  52 

172725. 

DELTA  K  B: 

MAX  C: 

D: 

ROOT  MEAN  SQUARE 

113.  68 

0.  00 

0.  00 

PERCENT  ERROR 

LIFE  0.  0-0.  5 
PREDICTION  0.  S-0.  8 
RATIO  0.8-1.25 

SUMMARY  1.25-2.0 
<NP/NA)  >2.  0 


•.V/. 

‘.v. 

CONDITION/HT:  STRESS  RELIEVED  E.  B. 

WELDMENT  <HEAT  AFFECTED  ZONE> 

TITAN. 

FORM:  1.00"TH  WELDMENT 

YIELD  STRENGTH: 

ALLOY 

SPECIMEN  TYPE:  CT 

ULT  STRENGTH: 

ORIENTATION  T-L 

SPECIMEN  THK :  1 .  000  " 

STRESS  RATIO:  ♦0.  1 0 

SPECIMEN  WIDTH:  2.550" 

TI-8AL- 

4V 

•  '* » *  * 

FREQUENCY: 

REFERENCES:eei44 

TABLE  4.11.3.112 


i 


m 


FATIGUE  CRACK  GROWTH  RATES  AT  DEFINED  LEVELS 
OF  STRESS  INTENSITY  FACTOR 

DATA  ASSOCIATED  WITH  FIGURE4.il. 3. 113NDICAT1N0  EFFECT 

OF  ENVIRONMENT 

MATERIAL:  TITANIUM  TI-AAL-4V 

CONDITION:  STRF.8S  RELIEVED  E.  B.  WELDMENT  (HEAT 
AFFECTED  ZONE) 


DELTA  K  DA/DN  ( IN. /CYCLE) 

(KSZ«IN*«l/2) 

:  A  B  C 


DELTA  K 

(KSZ«IN*«l/2) 

A 

E«  R.  T 
LAB  AIR 

A 

telta  K  B 
MIN  C 

D 

13.  64 

3.  64 

16.  00 

4.  27 

20.  00 

14.  2 

23.  00 

29,  9 

30.  00 

47.  5 

33.  00 

71.  9 

40,  00 

113. 

30.  00 

344. 

A 

32.  34 

1326. 

DELTA  K  B: 
MAX  C: 
D: 


ROOT  MEAN  SQUARE 
PERCENT  ERROR 


34.  88 


LIFE 

PREDICTION 

RATIO 

SUMMARY 

<NP/NA) 


0.  0-0,  S 
0,  S-0.  8 
0.  8-1.  25 
1.  25-2.  0 
>2.  0 


4.11-272 


CONDITION/HT;  STRESS  RELIEVED  E.  B.  WELDMENT  CHEAT  AFFECTED  20NE5 
FORM;  1. 00“TH  WELDMENT  YIELD  STRENGTH: 

SPECIMEN  TYPE:  CT  ULT.  STRENGTH: 

ORIENTATION  T-L  SPECIMEN  THK:  1.  000" 

STRESS  RATIO:  ■►0.10  SPECIMEN  WIDTH:  2.000" 

FREQUENCY:  0.10-  10.00  HZ  REFERENCES:eBl  44 


AK  (MPA  v/rn) 


NT:  R.  T. , 


4  10  40  100 

-r-TTTTrTTi - r . V|-T1T|f| 

ENVIRONMENT: 


4  10  40  100 

AK  (KSI  v/Tn) 


10° 

<D 

10' 

10' 

10'* 

10' 

10"’ 

io“ 

10'^ 

10‘ 

10* 

io' 

10* 

10’ 

10'* 

AK  (MPA  v/m 


•NVIRONMENT: 


10° 

10' 

10' 

10* 

10' 

10* 

io‘ 

10'^ 

10' 

10* 

10* 

10* 

10' 

10* 

4  10 

I  '  I  '  I'l'l - 

ENVIRONMENT: 


4  10  - 

AK  (KSI  v^) 


Figure  4. 11. 3. 112 
4.11-273 


TITAN. 

ALLOY 


TI-6AL* 

4V 


TABLE  4.11.3.113 


FATIGUE  CRACK  GROWTH  RATES  AT  DEFINED  LEVELS 
OF  STRESS  INTENSITY  FACTOR 

DATA  ASSOCIATED  WITH  FICURE4 . 11 . 3. 113INDICATINO  EFFECT 


OF  ENVIRONMENT 


MATERIAL:  TITANIUM  TI-AAL-4V 

CONDITION:  STRESS  RELIEVED  E.  B.  WELDMENT  (HEAT 

AFFECTED  ZONE) 

DELTA 

K 

DA/DN  (10**-6 

IN.  /CYCLE) 

(K8Z«IN««l/2) 

A 

B 

C 

D 

E—  69F 

E-+  175F 

E-  R.  T. 

£■+  175F 

AIR 

AIR 

JP-4  FUEL 

DIST.  WATER 

A: 

29.  03 

99.  9 

delta  K  B: 

16.  93 

4.  81 

MIN  C: 

18.  23 

9.  47 

0: 

29.  99 

46.  8 

20.  00 

8.  82 

9.  69 

29.  00 

19.  2 

16.  8 

30.  00 

96.  6 

22.  0 

22.  4 

46.  9 

39.  00 

143. 

32.  1 

43.  9 

89.  6 

40.  00 

461. 

49.  8 

149. 

192. 

90.  00 

190. 

1961. 

992. 

60.  00 

1098. 

3197. 

A: 

43.  08 

989. 

DELTA  K  B: 

61.  62 

2449. 

MAX  C: 

96.  28 

2318. 

D; 

67.  44 

9930. 

ROOT  MEAN  SQUARE 

94.  47 

24.  73 

75.  19 

93.  19 

PERCENT  ERROR 

LIFE  O.  0-0.  9 
PREDICTION  O.  9-0.  8 
RATIO  O  8-1.  29 
SUMMARY  1.29-2.0 
(NP/NA>  >2.0 


k 


AK  (KSI  y/ln)  AK  (KSI  V^) 


Figure  4,11.3.113 


4.11-275 


ROOT  KEAN  SQUARE 
PERCENT  ERROR 

LIFE  0.  0-0.  9 
PREDICTION  0.  9-0.  8 
RATIO  0.8-1.29 

SUHNARV  1.29-2.0 
(NP/NA)  >2.  0 


37.  12 


4.11-276 


CONDITION/HT:  AS  WELDED 
FORM:  1.  00"TH  WELDMENT 

SPECIMEN  TYPE:  CT 
/r*;  ORIENTATION  T-L 

STRESS  RATIO:  -^0.  10 
FREQUENCY:  10.00  HZ 


E.  B.  WELDMENT  CWELD  ZONE> 
YIELD  STRENGTH: 

ULT.  STRENGTH: 

SPECIMEN  THK:  1.000" 
SPECIMEN  WIDTH:  2.  000" 
REFERENCES:e6144 


AK  (MPA  Vm) 

4  10  40  100 


:  R.  t.  . 


4  10  40  100 

I  '  I '  I'i'i — r  '  T'l'i'f 

ENVIRONMENT; 


AK  (MPA  y/m) 

4  10  40  100 


4  10 

I'M  I'I'I — 

ENVIRONMENT: 


TITAN. 

ALLOY 


TI-8AL- 

4V 


4  10  40  100 

AK  (KSI 


4  10  - 

AK  (KSI  y/Tn) 


Figure  4.11.3.114 


TABLE  4.11.3.115 


I 


I 

! 


•> 


FATIGUE  CRACK  OROUTH  RATES  AT  DEFINED  LEVELS 
OF  STRESS  INTENSITY  FACTOR 

DATA  ASSOCIATED  WITH  FIOURE4. 11.3.113NDICATINO  EFFECT 

OF  ENVIRONMENT 

MATERIAL:  TITANIUM  TI-6AL-4V 

CONDITION:  AS  WELDED  E.  B.  WELDMENT  (HEAT  AFFECTED 
ZONE) 


* 


DELTA  K 
(KSl«IN««l/2> 


DA/DN  <10**-6  IN.  /CYCLE) 
B  C 


E=»  R.  1 

LAB  AIR 


DELTA  K  B 
MIN  C 
0 


DELTA  K  B 
MAX  C 
D 


LIFE 

PREDICTION 

RATIO 

SUWARY 

(NP/NA) 


0.  0-0.  S 
0.  5-0.  8 
0.  8-1.  25 
1 .  25-2.  0 
>2.  0 


15. 

35 

1.  98 

16. 

00 

2.  SO 

20. 

00 

6.  32 

25. 

00 

13.  2 

30. 

00 

24.  7 

♦  ^ 

35. 

00 

SO.  2 

35. 

34 

52.  9 

ROOT  MEAN  SQUARE 
PERCENT  ERROR 


7.  47 


S 

V 

N 

I 

.V 

.V 

.V 

H 


4.11-278 


i! 


CONDITION/HT-  AS  WELDED  E.  B.  WELDMENT  (HEAT  AFFECTED  ZONE) 
FORM:  1.  00"TH  WELDMENT  YIELD  STRENGTH: 

SPECIMEN  TYPE:  CT  ULT.  STRENGTH: 

ORIENTATION  T-L  SPECIMEN  THK:  1.000" 

STRESS  RATIO:  ■►0.10  SPECIMEN  WIDTH:  2.000" 

FREQUENCY:  10.  00  HZ  REFERENCES:08144 


AK  (MPA  \/m) 

4  10  40  100 

I  '  I  '  MIT — I  'T’I'I'I 

ENVIRONMENT:  R.  t.  . 

LAB  AIR 


4  10  40  100 

I  n"'T'ri — r~'T'TPi“ 

ENVIRONMENT. 


4  10  40  100 

AK  (KSI  v/Tn) 


AK  (MPA  y/m) 
I  10  4 


4  10 

J  'J'l'MI 

Environment 
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ENVIRONMENT: 


4  10 

AK  (KSI  i/m) 


Figure  4.11.3.115 
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TITAN. 

ALLOY 


TI-6AL- 

4V 


TABLE  4.11.3.116 


FATIGUE  CRACK  GROWTH  RATES  AT  DEFINED  LEVELS 
OF  STRESS  INTENSITY  FACTOR 

DATA  ASSOCIATED  WITH  FIOURE4. 11. 3. 113NDICATINO  EFFECT 

OF  ENVIRONMENT 


MATERIAL:  TITANIUM  TI-AAL-4V 

CONDITION:  WELDED  St  STRESS  RELIEVED  HOOF  2HRS  (HAZ) 


DELTA  K 
<KSI«IN««l/2) 


DA/ON  <10«»-6  IN.  /CYCLE) 

A  B  C  D 


E-  R.  T. 
L.  H.  A. 


E-  R.  T. 
S.  T.  W. 


A: 

DELTA  K  B: 

MIN  C: 

D: 

200.  00 
A: 

DELTA  K  B: 

MAX  C: 

D: 


ROOT  MEAN  SQUARE  0.  00  0.  00 

PERCENT  ERROR 


LIFE  0.  0-0.  5 

PREDICTION  0.  S-0.  8 

RATIO  0.8-1.  28 

SUMMARY  1.28-2.0 
(NP/NA>  >2.  0 


4,11-280 


CONDITION/HT:  WELDED  &  STRESS  RELIEVED  1100F  2HRS  CHAZ) 

FORM  WELDMENT  YIELD  STRENGTH:  131.  0  KSI 

SPECIMEN  TYPE:  CCP  ULT.  STRENGTH:  139.0  KSI 

ORIENTATION  L-T  SPECIMEN  THK:  0.008-  0.100' 

STRESS  RATIO:  +0.00  SPECIMEN  WIDTH:  24.  000" 

,  FREQUENCY:  1.  00  HZ  REFERENCES:0e575 


TITAN. 

ALLOY 
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Figure  4.11.3.116 
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TABLE  4.11.3.117 


FATIGUE  CRACK  GROWTH  RATES  AT  DEFINED  LEVELS 
OF  STRESS  INTENSITY  FACTOR 

DATA  ASSOCIATED  WITH  FIOURE4. 11. 3. IIINDICATINC  EFFECT 


OF  ENVIRONMENT 


MATERIAL: 

TITANIUM 

TI-6AL-4V 

CONDITION 

1550F  4HRS  FC.  lOOOF 

4HRS.  ARGON  COOLED 

DELTA  K 

DA/DN  (10**-6  IN.  /CYCLE) 

<KSI*IN**l/2) 

A 

B  C 

D 

E«  R.  T. 

E-  R.  T. 

ARGON 

ARGON 

A 

9.  68 

.  15 

delta  K  B 

10.  56 

.  26 

MIN  C 

D 

10  00 

.  195 

13.  00 

.  886 

.  854 

16.  00 

1.  94 

1.  96 

20.  00 

3.  81 

4.  OB 

25.  00 

7.  97 

9.  01 

30.  00 

18.  1 

21.  0 

35.  00 

46.  8 

54.  5 

40.  00 

137. 

158. 

A 

44.  83 

434. 

DELTA  K  B 

41.  26 

209. 

MAX  C 

D 

ROOT  MEAN 

SQUARE 

29.  57 

28  88 

PERCENT  ERROR 

LIFE  O.  0-0.  5 

PREDICTION  0.  5-0.  8 
RATIO  0.8-1.25 

SUMMARY  1.25-2.0 
(NP/NA)  >2.  0 


4.11-282 


i 


I 


c. 

o. 


".1 


i 


CONDITION/HT  1550F  4HRS  FC.  1000F  4HRS.  ARGON  COOLED 
FORM:  FORGING  YIELD  STRENGTH:  1 40.  9  KSI 

SPECIMEN  TYPE:  WOL  ULT.  STRENGTH:  150.  I  KG  I 

ORIENTATION  R-C  SPECIMEN  THK  0,000" 

STRESS  RATIO:  ♦O.  10  SPECIMEN  WIDTH:  2.550" 

FREQUENCY:  10.00  HZ  R6FERENCES:UM00l 


TITAN. 

ALLOY 
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Figure  4.11.3.117 
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TABLE  4.11.3.118 


r.*r 


fatigue  crack  growth  rates  at  defined  levels 
OF  STRESS  intensity  FACTOR 

DATA  ASSOCIATED  WITH  F10URE4.11.3.118INDICATIN0  EFFECT 


OF  ENVIRONMENT 


MATERIAL: 

TITANIUM 

TI-6AL- 

-4V 

CONDITION 

17S0F  4HR8  ARGON  COOLED.  lOOOF  4HRS. 

ARGON  COOLED 

DELTA  K 

DA/DN  (10**-6 

IN.  /CYCLE) 

<KSI*IN**l/2) 

A 

B 

C 

D 

E®  R.  T. 

E-  R.  T. 

ARGON 

ARGON 

A 

10.  46 

.  20 

DELTA 

K  B 

10.  57 

.  15 

MIN 

C 

D 

13.  00 

.  850 

.  539 

16.  00 

2.  04 

1.  54 

20.  00 

4.  05 

4.  13 

25.  00 

8.  51 

10.  5 

30.  00 

20.  4 

23.  1 

35.  00 

59.  1 

48.  0 

40.  00 

207. 

97.  7 

A 

42.  45 

407. 

DELTA 

K  B 

43.  64 

163. 

MAX 

C 

D 

ROOT  MEAN 

SQUARE 

31.  31 

41.  13 

PERCENT  ERROR 

LIFE  0.  0-0.  5 

PREDICTION  0.  5-0.  8 
RATIO  0.8-1.25 

SUMMARY  1.25-2.0 
<NP/NA)  >2.  O 


r.  ■. 

Itl 

»  •  • 


4.11-284 


CONDITION/HT  1750F  4HRS  ARGON  COOLED,  1000F  4HRS,  ARGON  COOLED 
FORM:  FORGING  YIELD  STRENGTH:  135.  7  KSI 

SPECIMEN  TYPE  WOL  ULT  STRENGTH:  144.0  KSI 

ORIENTATION  R-C  SPECIMEN  THK:  0.800" 

STRESS  RATIO:  ■►0.10  SPECIMEN  WIDTH:  2.550" 

FREQUENCY:  10.00  HZ  REFERENCES:UM001 


AK  (MPA  -x/m) 

4  10  40  100 

I  '  I  '  I'I'I - 1  '  J  '  l'|'I“ 

ENVIRONMENT:  R.  T.  . 
ARGON 


4  10  40  100 

I  '  I  'T'T'I - [  '  I  'I'I'I- 
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Figure  4.11.3.118 
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TABLE  4.11.3.119 


i 

\  . 

■i*; 

I 

I 


r.  ■ 


i 


I 

5; 


I 


FATIGUE  CRACK  GROWTH  RATES  AT  DEFINED  LEVELS 
OF  STRESS  INTENSITY  FACTOR 

DATA  ASSOCIATED  WITH  FIOURB4.11.3.119INDICATINO  EFFECT 

IF  ENVIRONMENT 


MATERIAL: 

TITANIUM 

T1-6AL-4V 

CONDITION: 

17S0F  4HRS  ARGON  COOLED.  lOOOF  4HRB 

ARGON  COOLED 

DELTA  K 

DA/DN  (10**-6  IN.  /CYCLE) 

<KSI*IN**l/2) 

A  B  C  D 

E«  R  T. 

ARGON 

A 

10.  71 

.  231 

DELTA  K  B 

MIN  C 

D 

13.  00 

.  6S1 

16.  00 

1.  81 

20.  00 

4.  61 

25.  00 

11.  7 

30.  00 

27.  1 

35.  00 

60.  7 

40.  00 

229 

A 

40.  42 

360. 

DELTA  K  B 

MAX  C 

D 

ROOT  MEAN 

SQUARE 

23.  92 

PERCENT  ERROR 

LIFE 

PREDICTION 

RATIO 

SUMMARY 

(NP/NA) 


O.  0-0.  S 
0.  5-0.  8 
0.  S-1.  25 
1 .  25-2  0 
>2  0 


4.11-286 


'•  «■'.  •  «*•  »*•  »*•  .  •  .  •«*»•• 


CONDITION/HT:  1750F  4HRS  ARGON  COOLED.  1000F  4HRS  ARGON  COOLED 
FORM:  FORCING  YIELD  STRENGTH:  135.  7  KSI 

SPECIMEN  TYPE:  WOL  ULT.  STRENGTH:  144.9  KSI 

ORIENTATION  C-R  SPECIMEN  THK:  0.800" 

STRESS  RATIO:  *0.  10  SPECIMEN  WIDTH:  2.  550" 

FREOUENCY:  10.  00  HZ  REFERENCES:UM001 


AK  {MPA  ■\/m) 

4  10  40  100 


ENVIRONMENT:  R. 
ARTON 


4  10  40  100 

I  '  I  M'i’i — rTT'I'I'l 
ENVIRONMENT: 
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Figure  4.11.3,119 
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TABLE  4.11.3.120 


FATIGUE  CRACK  GROWTH  RATES  AT  DEFINED  LEVELS 
OF  STRESS  INTENSITY  FACTOR 


DATA  ASSOCIATED  WITH  F10URE4. 11. 3. 120INDICATINQ  EFFECT 

OF  ENVIRONMENT 


MATERIAL;  TITANIUM  TI-6AL-4V 

CONDITION:  1775F  IHR  WG,  1675F  IHR  WQ,  lOOOF  4HRS 
AC.  900F  9HR  AC 


DELTA  K 
<K8Z«IN«*l/2> 


A 

E«  R.  T. 


DELTA  K  B 
MIN  C 
0 


ROOT  MEAN  SQUARE 
PERCENT  ERROR 


PREDICTION  0,  9-0.  8 
RATIO  0.8-1.29 

SUMMARY  1.29-2.0 
(NP/NA)  >2  0 


DA/DN  (10#*-6  IN.  /CYCLE) 
B  C 

£-<•>  200F 


LAB  AIR 

AIR 

30.  47 

37. 

2 

30.  79 

48 

39.  00 

98. 

5 

96 

40.  00 

03. 

9 

167 

90.  00 

192. 

396 

60.  00 

290. 

749 

70.  00 

625. 

1817 

80.  00 

1945. 

80.  98 

1635. 

74.  44 

2874 

4.11-288 


I  *  <  •  ■  •  •  •  •  •  •  •  •  •  •  '  ,  •  r 


da/dN  (in/cycle)  da/dN  (in/cycle) 


da/dN  (mm/cycle)  da/dN  (mm/cycle> 


TABLE  4.11.3.121 


V'.' 


.'1 

I 

55 


55 

•ri 


fatigue  crack  growth  rates  at  defined  levels 

OF  STRESS  INTENSITY  FACTOR 

DATA  ASSOCIATED  WITH  FIOURBl.il. 3. 121INDICATINO  EFFECT 

OF  STRESS  RATIO 


MATERIAL;  TITANIUM  TI-6AL-4V 

CONDITION:  1775F  IHR  WO,  167SF  IHR  WO.  1000F-1200F 

9— RURQ  AC 

ENVIRONMENT;  R.  T.  .  LAB  AIR 


^  I 


ROOT  MEAN  SQUARE  15.  97  10.  SI  14.  72 

PERCENT  ERROR 


LIFE  0. 0-0  5 
PREDICTION  0. 5-0  8 
RATIO  O.  8“l  25 
SUMMARY  1.25-2.0 
<NP/NA)  >2  0 


DELTA  K 
(K8I«IN««i/2) 


DA/DN  (10**-6  IN.  /CYCLE) 


A 

B 

C 

R«+0.  03 

R-+0.  25 

R=+0.  54 

A 

9.  85 

.  788 

DELTA 

K 

B 

10.  87 

2.  71 

MIN 

C 

10.  48 

3.  11 

D 

10.  00 

.  865 

13.  00 

3.  13 

4.  91 

6.  16 

16.  00 

6.  22 

9.  51 

11.  5 

20.  00 

11.0 

18.  9 

25.  00 

18.  9 

37.  5 

30.  00 

32.  1 

66.  2 

35.  00 

57.  0 

40.  00 

107. 

A 

44.  18 

191. 

DELTA 

K 

B 

30.  68 

71.  1 

MAX 

C 

19.  06 

15.  7 

4.11-290 


CONDITION/HT:  1775F  IHR  WQ.  1B75F  IHR  Wa  1000F-12B0F  2-8HRS  AC 
FORM:  0.94’'TH  DISK  YIELD  STRENGTH:  150.  0  KS I 

SPECIMEN  TYPE:  KB  BAR  ULT.  STRENGTH: 

ORIENTATION:  C-R  SPECIMEN  THK:  0.251-  0.252" 

FREQUENCY:  0.33-  0.50  HZ  SPECIMEN  WIDTH:  0.  9BQ-  1.000" 

ENVIRONMENT:  R.  T.  ,  LAB  AIR  REFERENCESCE007 


AK  (MPA  y/m) 


STRESS  RATIO  =  -^0.  03 


4  10  40  100 

I  '"I'l'l'l - r''"|  r|i|i| 

STRESS  RATIO  =  •►0.  54 


4  10  40  100 

AK  (KSI  y/ln) 


10° 

(D 

10' 

10' 

10  * 

10' 

10'^ 

10  ‘ 

10'^ 

10' 

10'* 

10  ‘ 

10® 

lo’ 

10*' 

AK  (MPA  v/m) 
STRESS  RATIO  =  ^0.  25 


10° 

10' 

10' 

10=^ 

10 

10'^ 

lO' 

10^ 

10 

10* 

10* 

10* 

10' 

10* 

4  10  40 

n  '  I  '  I'I'I - TT-p 

STRESS  RATIO  = 


4  10  40 

AK  (KSI  -/Tn) 


Figure  4.11.3.121 
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TI-6AL- 

4V 
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TABLE  4.11.3.122 


FATIGUE  CRACK  GROWTH  RATES  AT  DEFINED  LEVELS 
OF  STRESS  INTENSITY  FACTOR 

DATA  ASSOCIATED  WITH  F I  CURE  4. 11.  3. 1221 ND  1C  AT  I  NO  EFFECT 


OF  STRESS  RATIO 


MATERIAL:  TITANIUM  TI-6AL-4V 

CONDITION:  1775F  IHR  WQ,  1675F  IHR  WQ.  1000F-1200F 

2-Bl«tS  AC 

ENVIRONMENT:  300F,  AIR 

DELTA  K 

DA/DN  (10**-6 

IN.  /CYCLE) 

<KSI*IN»«l/2) 

A 

B 

C 

D 

R»+0.  03 

R-+0.  25 

R=+0.  54 

A:  9.  83 

.  687 

DELTA  KB:  10.  90 

1.  46 

MIN  C:  11.42 

3.  45 

D: 

10.  00 

.  746 

13.  00 

2.  32 

3.  46 

5.  10 

16.  00 

4.  94 

6.  88 

8.  22 

20.  00 

10.  1 

11.9 

25.  00 

19.  7 

20.  9 

30.  00 

33.  4 

39  8 

35.  00 

52.  7 

40.  00 

79.  8 

A:  41.  12 

87.  2 

delta  K  B:  32.83 

60.  4 

MAX  C;  18.98 

11.  5 

D: 

ROOT  MEAN  SQUARE 

15.  61 

21.  04 

6.  65 

PERCENT  ERROR 

LIFE  0.  0-0  5 

PREDICTION  0.  5-0  8 
RATIO  08-1.25 
SUMMARY  1.25-2  0 
<NP/NA)  >2,0 


m 


CONOITION/HT:  1775F  IHR  WQ, 
FORM:  B.a4"TH  DISK 

SPECIMEN  TYPE:  KB  BAR 
ORIENTATION:  C-R 
FREQUENCY:  0.33  HZ 

ENVIRONMENT:  300*  F.  AIR 


1675F 


AC 


IHR  WQ.  1000F-1200F  2-8HR5 
YIELD  STRENGTH:  150.  0  KSI 
ULT.  STRENGTH: 

SPECIMEN  THK:  0.  252" 

SPECIMEN  WIDTH:  0.  9B1-  0.  999' 

REFERENCESCE007 


N*  ‘ 


TITAN. 

ALLOY 


TI-8AL- 

4V 


TABLE  4.11.3.123 


fatigue  crack  growth  rates  at  defined  levels 

OF  STRESS  INTENSITY  FACTOR 


DATA  ASSOCIATED  WITH  FIOURE4.il. 3. 12JNDICATIN0  EFFECT 


OF  STRESS  RATIO 


MATERIAL;  TITANIUM  TI-6AL-4V 

CONDITION:  1779F  IHR  WQ.  1675F  IHR  WQ.  1000F-1200F 

2-8HRS  AC 

ENVIRONMENT:  *  600F. AIR 

DELTA  K 

DA/DN  (10**-6  IN 

. /CYCLE) 

(KSI*IN«*l/2) 

A 

B 

C 

D 

R«=+0.  03 

R— ►©  25 

Ra+0.  54 

A:  8.  19 

.  501 

DELTA  KB:  9.  28 

1.  84 

MIN  C:  8.94 

1.  96 

D: 

9.  00 

.  715 

1.  96 

10.  00 

1.  05 

2.  04 

2.  12 

13.  00 

2  57 

3.  70 

4.  38 

16.  00 

4.  99 

6.  86 

8.  94 

20.  00 

9.  87 

13.  3 

25.  00 

19.  2 

22.  6 

30.  00 

32.  9 

28.  3 

35.  00 

92  0 

40.  00 

77.  8 

A:  42.  82 

95.  8 

DELTA  KB:  30. 82 

28.  7 

MAX  C:  19.  48 

13.  6 

D: 

ROOT  MEAN  SQUARE 

1 1.  62 

14.  03 

14.  72 

PERCENT  ERROR 

LIFE 

PREDICTION 

RATIO 

SUMMARY 

(NP/NA> 


0.  0-0.  5 
O.  9-0.  8 
0.  8-1.  25 
1.  25-2  0 

>2.  O 


4.11-294 


TABLE  4.11.3.124 

FATIGUE  CRACK  GROWTH  RATES  AT  DEFINED  LEVELS 
OF  STRESS  INTENSITY  FACTOR 

DATA  ASSOCIATED  WITH  F10URE4. 11. 3 . 124INDICATING  EFFECT 

OF  STRESS  RATIO 


MATERIAL:  TITANIUM  TI-<.AL-4V 

CONDITION:  1775F  IHR  WQ.  lt75F  IHR  UQ.  1000F-1200F 
2-8HRS  AC 

ENVIRONMENT:  600F,  AIR 


DELTA  K 
<KSI*IN**l/2) 


DA/DN  IN.  /CYCLE) 


R=+0.  03 


DELTA  K  B 
MIN  C 
D 


8.  01 


9.  00 

1.  29 

10.  00 

1.  77 

13.  00 

3.  85 

16.  00 

6.  94 

20.  00 

12.  6 

25  00 

21.  6 

30.  00 

32.  2 

35.  00 

43.  5 

40.  00 

54.  6 

42.  55 

60.  1 

DELTA  K  B: 


ROOT  MEAN  SQUARE 
PERCENT  ERROR 


LIFE  0.  0-0.  5 

PREDICTION 

0.  5-0.  8 

RATIO 

0.  8-1.  25 

SUMMARY 

1.  25-2  0 

<NP/NA) 

>2.  0 

4,11-296 

^  CONDITION/HT:  1775F  IHR  WQ.  1675F  IHR  WQ,  1B00F-12B0F  2-8HRS  AC  TITAN. 

FORM:  1.  15"TH  DISK  YIELD  STRENGTH:  1 45.  0  KSI  ALLOY 

SPECIMEN  TYPE:  KB  BAR  ULT.  STRENGTH: 

ORIENTATION:  C-R  SPECIMEN  THK:  0.251"  - 


TABLE  4.11.3.125 

FATIGUE  CRACK  GROWTH  RATES  AT  DEFINED  LEVELS 
OF  STRESS  INTENSITY  FACTOR 

DATA  ASSOCIATED  WITH  FI0URE4. 11. 3.1251NDICATINO  EFFECT 


OF  ENVIRONMENT 


MATERIAL: 

TITANIUM 

T1-6AL-4V  i 

CONDITION 

1950F  4HRB  WQ.  lOOOF  4HRS  ARGON  COOLED 

DELT/ 

V  K 

DA/DN  (10**-6  IN.  /CYCLE) 

(KSI*lN**l/2> 

A  B  C  D 

£=  R.  T. 

ARGON 

A 

10.  04 

.  179 

DELTA  K  S 

1 

MIN  C 

i 

D 

1 

13.  00 

.  508 

16.  00 

1.  08 

20.  00 

2.  38 

25.  00 

s.  58 

30.  00 

12.  3 

35.  00 

26.  6 

40.  00 

56.  9 

50.  00 

257. 

A 

50.  06 

260. 

DELTA  K  B 

MAX  C 

D 

ROOT  MEAN 

SQUARE 

57.  10 

PERCENT 

ERROR 

LIFE  0.  0-0  5 

PREDICTION  O.  5-0.  8 
RATIO  0.8-1.25 

SUMMARY  1.25-2.0 
(NP/NA)  >2.  O 


CONDITION/HT:  1O50F  4HRS  WO,  1000F  4HRS  ARGON  COOLED 
FORM:  FORGING  YIELD  STRENGTH:  136.  4  KSl 

SPECIMEN  TYPE:  WOL  ULT.  STRENGTH:  147.8  KSI 

ORIENTATION  R-C  SPECIMEN  THK:  0.800" 

STRESS  RATIO:  -0.  10  SPECIMEN  WIDTH:  2.  550 *■ 

FREQUENCY:  10.  00  HZ  REFERENCES:UM001 


AK  (MPA  v/m) 


4  10  40  100 

I  '  — m“nw 

ENVIRONMENT: 


4  10  40  100 

AK  (KSI  >/7n) 


10° 

<D 

id' 

10’ 

10^ 

10- 

10'^ 

id' 

10* 

id' 

10* 

id‘ 

10' 

10'* 

Id' 

AK  (MPA  y/m) 
■NVIRONmcin  I : 


4  10 

I  'T'l’l’l — 

ENVIRONMENT: 


4  10  - 

AK  (KSI  >/m) 


Figure  4.11.3.125 
4.11-299 


TITAN. 

ALLOY 


TI-6AL- 

4V 


TABLR  4.11.3.126 


FATIGUE  CRACK  GROWTH  RATES  AT  DEFINED  LEVELS 
OF  STRESS  INTENSITY  FACTOR 

DATA  ASSOCIATED  WITH  FI0URE4. 11. 3. 12aNOICATINO  EFFECT 

OF  ENVIRONMENT 

»  —  - ■  ■  —  ■ - - - - - - - 

MATERIAL:  TITANIUM  TI-AAL-4V 

CONDITION;  1950F  4HR6  WQ.  iOOOF  4HR6  ARGON  COOLED 


DELTA  K 
<KSI*IN**l/2) 


OA/DN  (10**-A  IN.  /CYCLE) 
B  C 


delta  K  B 

MIN  C 
D 


DELTA  K  B: 
MAX  C; 
D: 


11.  IB 


E»  R.  T. 
ARGON 

.  139 


13.  00 

.  442 

16.  00 

1.  31 

20.  00 

3.  37 

23.  00 

8.  42 

30.  00 

20.  3 

35.  00 

31.  3 

35.  49 

56.  4 

ROOT  MEAN  SQUARE 
PERCENT  ERROR 


39.  65 


LIFE 

PREDICTION 

RATIO 

SUMMARY 

(NP/NA) 


O.  0-0.  5 
0.  5-0.  6 
0.  8-1.  25 
1.  25-2.  0 

>2.  0 


4.11-300 


V 


CONDITION/HT  1O50F  4HRS  Wa  1000F  4HRS  ARGON  COOLED 
FORM:  FORCING  YIELD  STRENGTH:  136.  4  KSI 

SPECIMEN  TYPE:  WOL  ULT.  STRENGTH:  147.8  KSI 

ORIENTATION  C-R  SPECIMEN  THK:  0.800" 

STRESS  RATIO:  ■►O.  10  SPECIMEN  WIDTH:  2.  550" 

FREQUENCY:  10.00  HZ  REFERENCES:UM001 


TITAN. 

ALLOY 


10“ 

•2 

10 

10’ 

lor’ 

10* 

•4 

10 

10* 

10* 

10‘ 

10* 

10* 

icr* 

10* 

10* 

10*  S 


10*1 

z 

10’^  ^ 
■u 


4  10  40  100 

AK  (KSI  i/In) 


4  10  40  100 

AK  (KSI  -s/m) 


Figure  4.11.3.126 
4.11-301 


TABLE  4.11.3.127 


SUSTAINED  CRACK  GROWTH  RATES  AT  DEFINED  LEVELS 
OF  STRESS  INTENSITY  FACTOR 

DATA  ASSOCIATED  WITH  FIOURE4.il. 3. 12^NDICATIN0  EFFECT 

OF  ENVIRONMENT 


MATERIAL;  TITANIUM  TI-6AL-4V 

CONDITION:  EB  WELD.  STRESS  RELIEVED  (HEAT  AFFECTED 
ZONE) 


K  MAX 

(K8I«IN«*l/2) 


DA/DT  <l0**-6  IN/HOUR) 


A 


B 


E*- 

3.  5*/.  NACL;  7SF 


E» 

AIR; 175F 


A; 

K  MAX  B; 

MIN  C: 

0; 

200.  00 

A; 

K  MAX  B; 

MAX  C: 

D; 


ROOT  MEAN  80UARE  0.  00  0.  00 

PERCENT  ERROR 


4.11-302 


CONDITION/HT:  EB  WELD,  STRESS  RELIEVED  CHEAT  AFFECTED  ZONE> 
FORM  1.  0’*TH  WELDMENT  SPECIMEN  THK;  1.000" 

SPECIMEN  TYPE:  CT  SPECIMEN  WIDTH:  2.  550" 

orientation. T-L  CRACK  LENGTH  (Aq). 

YIELD  STRENGTH:  132.0  KSI  Kiscc:  33.00  KSI  (SORT  IN> 

ULT  STRENGTH  REFERENCES:0B144 


K  max  (MPA  y/oi) 

4  10  40  100 


ENVIRONMENT: 

3.  5X  NACLi  75F 


4  10  40  100 

I  'T'  l  Tn - 1  '  I  ' MIT" 

ENVIRONMENT: 


4  10  40  100 

*^max  y/Tn) 


K  max  (MPA  \/ni) 
4  10  40 


ENVIRONMENT: 
AIRi  175F 


10^ 

10’ 

10° 

10° 

10  ’ 

■  1 

10 

10^ 

10  ^ 

10^ 

10  ^ 

10“ 

10"* 

10' 

10‘ 

4  10  40 

I  '  I  ''in'i — r“n^ 

ENVIRONMENT: 


4  10  40 

^  max  \/in) 


Figure  4.11.3.127 
4.11-303 


TITAN. 

ALLOY 


TI-6AL- 

4V 


TABLE  4.11.3.128 


SUSTAINED  CRACK  DROUTH  RATES  AT  DEFINED  LEVELS 
OF  STRESS  INTENSITY  FACTOR 


DATA  ASSOCIATED  WITH  FIDORE4. 11. 3 . 128INDICATING  EFFECT 

OF  ENVIRONMENT 


MATERIAL:  TITANIUM  TI-6AL-4V 

CONDITION:  EB  WELD.  STRESS  RELIEVED  (WELD  ZONE) 


K 

MAX 

DA/DT 

(10««*-6  IN/HOUR) 

(K8I*IN#*l/2) 

A 

B 

C 

E» 

E- 

3.  97.  NACL»  75F 

AIR» 175F 

A: 

36.  00 

171. 

K  MAX 

B: 

MIN 

C; 

D: 

40.  00 

724548. 

A: 

44.  00 

964781. 

K  MAX 

B: 

ROOT  MEAN  SQUARE 
PERCENT  ERROR 


48.  35 


0.  00 


4.11-304 


CONDITION/HT:  EB  WELD.  STRESS  RELIEVED  CWELD  ZONE> 

FORM;  1.0"TH  WELDMENT  SPECIMEN  THK:  1.000" 

SPECIMEN  TYPE;  CT  SPECIMEN  WIDTH;  2.  550" 

ORIENTATION. T-L  CRACK  LENGTH  (Aq); 

YIELD  STRENGTH;  132.0  KSI  Kiscc:  3B.  00  KSI  CSQRT  IN> 

;  ULT.  STRENGTH;  REFERENCES;eei44 


TITAN. 

ALLOY 


TI-6AL- 

4V 


TABLE  4.11.3.129 


SUSTAINED  CRACK  GROWTH  RATES  AT  DEFINED  LEVELS 
OF  STRESS  INTENSITY  FACTOR 

DATA  ASSOCIATED  WITH  FIOURE4.11.3.129INDICATINO  EFFECT 


OF  ENVIRONMENT 


MATERIAL; 

TITANIUM 

TI-6AL-4V 

CONDITION 

MA 

K 

MAX 

DA/DT  <lO**-3  IN/HOUR) 

(KSI*IN**l/2) 

A 

B  C 

0 

E=  R.  T. 

E=  R.  T. 

0.  6M  KCL  0. 

-500  MV 

6M  KCL  -1000  MV 

A 

22.  00 

240. 

K  MAX 

B 

23.  OC 

232. 

MIN 

C 

D 

25.  00 

542. 

266. 

30.  00 

854. 

299. 

35.  00 

933. 

341 

40.  00 

1059. 

474 

A 

45.  20 

1499. 

K  MAX 

B 

45.  20 

867. 

MAX 

C 

D 

ROOT  MEAN  SQUARE  13.23  13.95 

PERCENT  ERROR 


CONDITION/HT;  MA 
FORM;  0.  2"TH  SHEET 
SPECIMEN  TYPE:  DCS 
ORIENTATIOiN:T-L 
-  YIELD  STRENGTH: 

:  V  ULT.  STRENGTH: 


SPECIMEN  THK:  0.  200' 
SPECIMEN  WIDTH: 

CRACK  LENGTH  (A©). 
Kiscc^ 

REFERENCES;81221 


TITAN. 

ALLOY 


T1-6AL- 

4V 


TABLE  4.11.3.130 


SUSTAINED  CRACK  GROWTH  RATES  AT  DEFINED  LEVELS 
OF  STRESS  INTENSITY  FACTOR 

DATA  ASSOCIATED  WITH  F10URE4.il. 3. 130INDICATING  EFFECT 


OF  ENVIRONMENT 


MATERIAL: 

CONDITION: 

TITANIUM 

MA 

TI-6AL-4V 

K 

MAX 

DA/DT  <10*#- 

-3  IN/HOUR) 

<KSHHN**l/2) 

A 

B 

C 

D 

E=  R.  T. 

a: 

R 

ill 

E=  R.  T. 

E=  R.  T. 

5M  KI  +1000  MV 

5M  KI  +500  MV 

5M  KI  0  MV  5M  KI  -500 

A: 

K  MAX 

B 

17.  50 

970. 

MIN 

C; 

IS.  SC 

1202. 

D: 

19.  20 

1271. 

20  00 

17493. 

6645. 

3216. 

25.  00 

26009. 

15774. 

9982. 

30.  00 

3Q482. 

27636. 

15327. 

35.  00 

42504. 

21875. 

40.  00 

56727. 

30115. 

A; 

K  MAX 

B: 

34.  00 

52976. 

MAX 

C: 

44.  80 

65998. 

0: 

44.  70 

40011. 

ROOT  MEAN 

SQUARE 

0.  00 

29.  55 

12.  77 

12.  68 

PERCENT  ERROR 


4.11-308 


CONDITION/HT:  MA 
FORM:  0.  2"TH  SHEET 

SPECIMEN  TYPE:  DCB 
ORIENTATION. T-L 
YIELD  STRENGTH: 

ULT.  STRENGTH: 


SPECIMEN  THK:  0.  200" 
SPECIMEN  WIDTH: 

CRACK  LENGTH  (Aq) 

K  iscc: 

REFERENCES:81221 


10  40  100 

T — r  n  rri'i  ■ 

sSt  MV*  ^*  ' 


M?-  • 


TITAN. 

ALLOY 


|TI-6AL- 

4V 


T3 

10®  ^ 


10»  _ 


(KSI  \/Tn) 

Figure  4.11.3.130 

^  max  (KSI  v^Tn) 

4.11.309 

TAB'.E  4.11.3.131 


SUSTAINED  CRACK  GROWTH  RATES  AT  DEFINED  LEVELS 
OF  STRESS  INTENSITY  FACTOR 

DATA  ASSOCIATED  WITH  FIGURE4.il.  3, 131INDICATING  EFFECT 


s 

i 


i 


$ 

i 


■J: 

■  . 

/• 


OF  ENVIRONMENT 


MATERIAL;  TITANIUM 
CONDITION:  MA 

TI-AAL-4V 

K 

MAX 

DA/DT  (10**-3 

IN/HDUR) 

(KSI*IN**l/2) 

A 

B 

C 

D 

E=  R.  T. 

E=  R.  T. 

5M  KI  -1000  MV 

5M  KI  -1500  MV 

A:  30 

00 

1328 

K  MAX 

B; 

MIN 

C: 

D 

35 

00 

2562. 

40 

00 

9680. 

A:  44. 

00 

10010. 

K  MAX 

B: 

MAX 

C; 

D 

ROOT  MEAN  SQUARE  11.47  0.00 

PERCENT  ERROR 


.1 


•> 

.t, 

M 

-*1 

i 

,s 

A 

<-*  t-*. 


4.11-310 


.-.•'-v*.-  --V-- 


CONOmON/HT:  MA 
FORM:  0.  2"TH  SHEET 

SPECIMEN  TYPE:  DCB 
ORIENTATION-.T-L 
.  .  YIELD  STRENGTH: 

ULT.  STRENGTH: 


SPECIMEN  THK:  0.  200" 
SPECIMEN  WIDTH: 

CRACK  length  (Ac' 

Kiscc: 

REFERENCES:8122l 


TITAN. 

ALLOY 


TI-6AL- 

4V 


K  max  (MPA  \/ni) 

4  10  40  100 

~i" n'' in-q — i  «  ['fft 

ENVIRONMENT;  R.  T. , 

5M  KI  -1000  MV 


K  max  (MPA  \/m) 

4  10  40  100 


ENVIRONMENT:  R.  T.  . 
5M  KI  -1500  MV 


510-’ 


10’  E 
E 

•O 

10®  ^ 


4  10 

“mrwi — 

ENVIRONMENT; 


40  100 


10^ 

10-* 

® 

10» 

10* 

10’ 

10’ 

10’ 

10® 

10® 

10’ 

10-’ 

10-’ 

10-’ 

10-' 

4  10  40  100 

[  '  i''|TiT| — I  '1  nnn  ‘ 

ENVIRONMENT; 


10’  _ 


10’  I 
5 

10®  1 


4  10  40  100 

Kmax  (KSI  v/m) 


Figure  4.11,3.131 


4  10  40  100 

^max  (KSl  v/Tn) 


4.11-311 


TABLE  4.11.3.132 


i 


i 


! 

I 


I 


•• 

I 


$ 

V 

V 
>' 

s 

i 


SUSTAINED  CRACK  GROWTH  RATES  AT  DEFINED  LEVELS 
OF  STRESS  INTENSITY  FACTOR 

DATA  ASSOCIATED  WITH  FIOURE4.il.  3. 132INDICATINO  EFFECT 

OF  ENVIRONMENT 


MATERIAL;  TITANIUM 
CONDITION:  MA 

TI-6AL-4V 

K 

MAX 

DA/DT  ( 10**-3  IN/HOUR) 

(KSI*IN#*l/2) 

A 

B  C 

D 

E*  R.  T 

E=  R.  T.  E=  R.  T. 

E=  R.  T. 

6M  KF  3M 

KF  IM  KF 

DIST.  WATE 

A:  30.  00 

461 

K  MAX 

B; 

MIN 

C:  35.00 

30.  0 

D:  31.40 

196. 

35.  00 

1075. 

3B1. 

40.  00 

2121. 

207. 

485. 

A:  44.  50 

3590. 

K  MAX 

B: 

MAX 

C:  44.20 

529 

0  45.  00 

522. 

ROOT  MEAN  SQUARE 
PERCENT  ERROR 


I?;? 


U  .  57 


O.  00 


11.  33 


2  17 


PI 

-r 

V 

V 

P. 


4.11-312 


CONDITION/HT:  MA 
FORM:  0.  2"TH  SHEET 

SPECIMEN  TYPE:  DCB 
ORIENTATION.  T-L 
YIELD  STRENGTH: 

•i'/ULT.  STRENGTH: 


SPECIMEN  THK:  0.  200" 
SPECIMEN  WIDTH: 

CRACK  LENGTH  (Aq) 

KiscC  35.00  vrei  (SQRT  IN) 
REFERENCES:B1221 


TITAN. 

ALLOY 


TI-8AL- 

4V 


K  max  (MPA  v^) 


K  max  (MPA  \/m) 


ENVIRONMENT;  R.  T 
6M  KF 


ENVIRONMENT  R.  T 
3M  KF 


Eljlj^lF^MENT 


(KSI  v/m) 

Figure  4.11.3.132 

^  max  (I^Sl  v/^) 

4.11-313 

TABLE  4.11.3.133 


MATERIAL:  TITANIUM 
CONDITION;  MA 


SUSTAINED  CRACK  GROWTH  RATES  AT  DEFINED  LEVELS 
OF  STRESS  INTENSITY  FACTOR 

DATA  ASSOCIATED  WITH  FI0URE4.il.  3. 13aNDICATINO  EFFECT 

OF  ENVIRONMENT 


TANIUM  TI-6AL-4V 


K 

MAX 

DA/DT  <10** 

-3  IN/HOUR) 

(KSI«IN*«l/2) 

A 

B 

C 

0 

E«»  R.  T. 

E-  R.  T. 

E=  R.  T. 

E«  R  T. 

0  6M  KCL 

0.  &M  KCL 

0.  6M  KCL 

0.  6M  KCL  0  MV 

♦2000  MV 

♦lOOO  MV 

♦900  MV 

A: 

K  MAX 

B;  23.  90 

363. 

MIN 

C  23.00 

S82. 

D:  21.  90 

976. 

25.  00 

1708. 

1236. 

869. 

30.  00 

2448. 

1823. 

1303. 

35.  00 

3586 

2242. 

1789. 

40.  00 

5102. 

3027. 

2398. 

A; 

K  MAX 

B.  49  00 

6844 

MAX 

C;  49.  20 

9110. 

D;  45.  00 

3230. 

ROOT  MEAN  SQUARE 
PERCENT  ERROR 


O  00 


8.  77 


4.11-314 


CONDITION/HT:  MA 
FORM:  0.2"TH  SHEET 

SPECIMEN  TYPE:  DCS 
ORIENTATION.T-L 
^  YIELD  STRENGTH: 
y  ULT,  STRENGTH: 


SPECIMEN  THK:  0.  2S0" 
SPECIMEN  WIDTH. 

CRACK  LENGTH  (Aq). 

KiscC- 

REFERENCES:81221 


TITAN. 

ALLOY 


TI-6AL- 

4V 


K  max  (MPA  v^) 


lUlU 


ENVIRONMENT:  R.  T,  , 
0.  8M  KCL  *^2000  MV 


m 


K  max  (MPA  \/rn) 


IMULI 


ENVIRONMENT;  R.  T,  , 
0.eM  KCL  -^1000  MV 


UUll 


^WW^V90g*Sv 


10  40  100 

TTrni - 1  I  I  M  I'rri  - 


10*  _ 


10’  I 

10*  I 


10» 


10'  I 
5 

10«  ^ 


(K3I  vTn) 

Figure  4.11.3.133 

^  max  (I^SI  y/ln) 

4.11-315 

TABLE  4.11.3.134 


SUSTAINED  CRACK  GROWTH  RATES  AT  DEFINED  LEVELS 
OF  STRESS  INTENSITY  FACTOR 

DATA  ASSOCIATED  WITH  FIGURE4.il.  3. 1341 ND I  CAT  I  NO  EFFECT 

OF  ENVIRONMENT 


MATERIAL:  TITANIUM  TI-6AL-4V 

CONDITION;  MA 


K  MAX 

<K8l«IN**l/2) 


DA/DT  (10**-3  IN/HOUR) 
ABC 


E'^  R.  f. 

3.  S7.  NACL 


e»  R.  T. 
JP-4  FUEL 


A;  30.  00 
K  MAX  B: 

MIN  C: 

D. 


.  693 


35.00  ;  1879. 
40. 00  2253 


A:  45.  00 

K  MAX  B: 

MAX  C; 

0: 


4520 


ROOT  MEAN  SQUARE  27  43  0  00 

PERCENT  ERROR 


4.11-316 


CONOITION/HT:  MA 

FORM:  1.0"TH  PLATE 

SPECIMEN  TYPE:  CT 

ORIENTATIONT-L 

YIELD  STRENGTH:  132.0  KSI 

ULT  STRENGTH. 


K  max  (MPA  \/m) 


ENVIRONMENT:  R.  T 

3.SX  NACL 


SPECIMEN  THK:  1.000" 
SPECIMEN  WIDTH:  2.  550" 
CRACK  LENGTH  (Aq) 

Kiscc-  30.0;  A9.0  KSI 
REFERENCES:eei44 


K  max  (MPA  v^) 


lUllJ 


ENVIRONMENT 
JP-4  FUEL 


TITAN. 

ALLOY 


T1-6AL' 

4V 


i  o 


•> 

10* 

10' 

'A 

'w 

ENVIRONMENT 


ENVIRONMENT; 


(KSI  >/m) 


Figure  4.11.3.134 
4.11-317 


Kmax  (KSI  v/m) 


TABLE  4,11.3.135 


SUSTAINED  CRACK  GROWTH  RATES  AT  DEFINED  LEVELS 
OF  STRESS  INTENSITY  FACTOR 

DATA  ASSOCIATED  WITH  FICURE4.il. 3. 133NDICATING  EFFECT 

OF  ENVIRONMENT 


V 

V 


CONDITION/HT:  1000F  2HR 
V  FORM:  2.  0"TH  FORGING 

^  SPECIMEN  TYPE:  TDCB 

^  ORIENTATION. L-T 

YIELD  STRENGTH:  145.  0KSI 
*'  ULT.  STRENGTH; 


SPECIMEN  THK;  1.250" 
SPECIMEN  WIDTH;  5.  500" 
CRACK  LENGTH  (Aq) 

Kiscc:  31.0;  43.0  KST  (SORT  IN) 
REFERENCES:843e0 


TITAN. 

ALLOY 


TI-5AL- 

4V 


K  max  (MPA  vm) 


0* 

(D 

10* 

0» 

0* 

10’ 

0’ 
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FATIOUE  CRACK  6R0UTM  RATE  AT  OCFINCO  LEVELS  OF  T>C  STRESS-INTENSITY  FACTOR 
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TABLE  4.12.3.1 


I 

i 


I 


FATIGUE  CRACK  OROMTH  RATES  AT  DEFINED  LEVELS 
OF  STRESS  INTENSITY  FACTOR 

DATA  ASSOCIATED  WITH  FIGURE  4.12. 3.1  INDICATING  EFFECT 


OF  ENVIRONMENT 


MATERIAL: 

TITANIUM 

TI-6AL-4V  (ELI) 

CONDITION: 

A(«4EALE0 

DELTA  K 

DA/DN  <10**-6  IN.  /CYCLE) 

<KSI*IN**l/2) 

A  B  C  D 

E*  R.  T. 

LAB  AIR 

A 

12.  87 

2.  61 

DELTA  K  B 

MIN  C 

D 

13.  00 

2.  73 

16.  00 

6.  36 

20.  00 

12.  9 

25.  00 

.23.  5 

30.  00 

37.  6 

35.  00 

57.  6 

40.  00 

87.  5 

50.  00 

206. 

60.  00 

506. 

A 

67.  30 

1005. 

DELTA  K  B 

MAX  C 

D 

ROOT  MEAN 

SQUARE 

6.  38 

PERCENT  ERROR 

LIFE  0.  0-0.  5 
PREDICTION  O.  5-0.  8 

RATIO  0.8-1.25  2 

SUMMARY  1 . 25-2.  0 
(NP/NA)  >2.  0 


CONDITION/HT:  ANNEALED 
FORM:  3.  00"TH  FORCING 

SPECIMEN  TYPE:  CT 
ORIENTATION  L-T 
STRESS  RATIO:  •^0.  10 
FREQUENCY:  1.00-  10.00  HZ 


AK  (MPA  v/m) 


YIELD  STRENGTH:  116.  8  KSI 
ULT.  STRENGTH:  126.7  KSI 
SPECIMEN  THK:  0.991-  1.014" 

SPECIMEN  WIDTH:  7.  400" 
REFERENCESNC002 


AK  (MPA  v/m) 


4  10  40 


4  10  40 

AK  (KSI  >/m) 


■NVIRONMENT 


4  10 


4  10 

AK  (KSI  V^) 


Figure  4.12,3.1 


4,12-13 


TITAN. 

ALLOY 


TI-6AL- 
4V  (ELI) 


CONDITION/HT:  ANNEALED 
FORM:  3.  00"TH  FORGING 

SPECIMEN  TYPE:  CT 
ORIENTATION  T-L 
,\s  STRESS  RATIO:  •►O.  10 

FREQUENCY:  1.00-  20.00  HZ 


YIELD  STRENGTH  1 16.  9  KSl 
ULT.  STRENGTH:  127.  0  KSI 
SPECIMEN  THK:  0.999-  1.002' 

SPECIMEN  WIDTH:  7.  400" 
REFERENCES:NC002 


TITAN. 

ALLOY 


Tl-BAL- 

4V<EL1> 


AK  (MPA  y/m) 
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Figure  4.12.3.2 
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TABLE  4.12.3.3 


FATIGUE  CRACK  GROWTH  RATES  AT  DEFINED  LEVELS 
OF  STRESS  INTENSITY  FACTOR 

DATA  ASSOCIATED  WITH  FIGURE  4. 12 . 3 . 3  INDICATING  EFFECT 


OF  STRESS  RATIO 


MATERIAL: 

TITANIUM 

TI-6AL-4V  (ELI) 

CONDITION: 

BA 

ENVIRONMENT:  R.  T. 

. DRY  AIR 

DELTA  K 

DA/DN  <10**-6  IN.  /CYCLE) 

(KSI*IN**l/2> 

A  B  C  D 

R-+0.  10  R-+0.  80 

A 

40.  32 

58.  0 

delta  K  B 

7.  50 

.  190 

MIN  C 

D 

8.  00 

.  286 

9.  00 

.  597 

10.  00 

1.  12 

13  00 

4.  50 

16.  00 

20.  00 

25.  00 

30.  00 

35.  00 

40.  00 

50.  00 

128. 

60.  00 

229. 

70.  00 

401. 

A 

71.  02 

426. 

DELTA  K  B 

13.  61 

5.  54 

MAX  C 

D 

ROOT  MEAN 

SQUARE 

4.  60  10.  38 

PERCENT  ERROR 

LIFE  0  0-0.  5 

PREDICTION  O  b-O  8 
RATIO  0  B-1  25 

SUMMARY  l,2b-2  0 
(NP/NA>  >20 


4.12-16 


4.12-17 


TABLE  4.12.3.4 

FATIGUE  CRACK  GROWTH  RATES  AT  DEFINED  LEVELS 
OF  STRESS  INTENSITY  FACTOR 

DATA  ASSOCIATED  WITH  FIGURE  4.12.3.4  INDICATING  EFFECT 

OF  STRESS  RATIO 


MATERIAL:  TITANIUM  TI- 

CONOITION:  BA 

ENVIRONMENT:  R.  T.  .  3.  9X  NACL 


TI-6AL-4V  (ELI) 


CONDITION/HT;  BA 
FORM:  1.00'*TH  PLATE 

SPECIMEN  TYPE:  DCB 
ORIENTATION:  T--L 
FREQUENCY:  1.  00  HZ 

ENVIRONMENT:  R.  T.  ,  3.  5%  NACL 


YIELD  STRENGTH. 
ULT.  STRENGTH: 
SPECIMEN  THK: 
SPECIMEN  WIDTH: 
REFERENCES:88140 


TITAN. 

ALLOY 


AK  (MPA  y/m) 

4  10  40  100 


4  10  40  100 

■i  '  I '  I  '-m — r-r  rnTT " 

STRESS  RATIO  * 


4  10  40  100 

AK  (KSI 


AK  (MPA  y/m) 
4  10  4( 


10" 

(D 

10' 

10' 

10'^ 

10 

io’ 

10" 

lO"* 

10 
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10 ' 

10' 

10'* 

4  10  40 

I  ^rn'ri — r"n^ 
STRESS  RATIO  = 


4  10 

AK  (KSI  v/m) 


Figure  4.12.3.4 
4.12-19 


I  TI-6AL- 
«4V  <ELI 


10'^  ^ 
T3 


10'^  IT 


10  « 


•r /•  .V 


'  ^  ’  'V  ' 


h/' 

y.v, 


CONDITION/HT:  BA 
PORM:  1.00"TH  PLATE 

SPECIMEN  TYPE;  OCB 
ORIENTATION  T-L 
v-^  STRESS  RATIO;  •►0.  00 


V-V  FREQUENCY; 


15.00  HZ 


YIELD  STRENGTH; 
ULT.  STRENGTH; 
SPECIMEN  THK: 
SPECIMEN  WIDTH; 
REPERENCESS8140 


TITAN. 

ALLOY 


TI-6AL- 
4V  CELIM 


v“ 


i 


TABLE  4.12.3.6 

fatioue  crack  orowth  rates  at  defined  levels 

OF  STRESS  INTENSITY  FACTOR 

DATA  ASSOCIATED  WITH  FIGURE  4.12.3.6  INDICATING  EFFECT 

OF  ENVIRONMENT 


MATERIAL:  TITANIUM 
CONDITION:  BA 


TI-6AL-4V  (ELI) 


DELTA 

K 

DA/DN  (10*«-6 

IN.  /CYCLE) 

(K8I»IN»*i/S) 

4^ 

A 

B 

C 

D 

i 

E»  R.  T. 

E-  R.  T. 

E-  R.  T. 

E-  R.  T. 

H20  SATURATED 

DIST.  WATER 

3.  SX  NACL 

8.  T.  W. 

JP-4  FUEL 

A: 

14.  45 

.  387 

DELTA  K  B: 

15.  47 

.  968 

MIN  C; 

10.  07 

.  117 

» *  • 

D: 

13.  53 

.  400 

13.  00 

1.  36 

16.00 

1.  06 

1.  27 

2.  99 

1.  64 

20.  00 

5.  14 

5.  20 

14.  5 

in 

25.00 

13.  4 

13.  0 

m 

30.  00 

22.  4 

22.  8 

tear 

35.00 

32.  4 

35.  7 

? 

40.  00 

45.  9 

55.  4 

A: 

43.  49 

39.  6 

DELTA  K  B: 

40.  10 

55.  9 

9 

MAX  C: 

24.  47 

24.  0 

? 

D: 

16.  98 

3.  23 

^a' 

‘‘a 

ROOT  MEAN 

80UARE 

11.  94 

19.  22 

22.  82 

17.  58 

n 

PERCENT  ERROR 

LIFE  0.  0-0.  B 
PREDICTION  0.  5-0.  8 
RATIO  0.  e-1.23 
SUMMARY  1.  25-2.  0 
(NP/NA>  >2.  0 


4.12-22 


123^ 


t:Li 


CONDITION/HT:  BA  TITAN. 

FORM:  1.  00 "TH  PLATE  YIELD  STRENGTH:  ALLOY 

SPECIMEN  TYPE:  DCB  ULT.  STRENGTH: 

ORIENTATION  T-L  SPECIMEN  THK:  *" 


.  STRESS  RATIO:  -^0,  00 
V.>;FREQUENCY:  15.00  HZ 


SPECIMEN  WIDTH: 
REFERENCES:S8140 


T1-6AL- 
4V  CELl 


TABLE  4.12.3.7 


FATIGUE  CRACK  GROWTH  RATES  AT  DEFINED  LEVELS 
OF  STRESS  INTENSITY  FACTOR 

DATA  ASSOCIATED  WITH  FIGURE  4.12.3.7  INDICATING  EFFECT 


OF  ENVIRONMENT 


MATERIAL:  TITANIUM 
CONDITION:  BA 

TI-6AL- 

-4V  (ELI) 

DELTA  K 

DA/DN  (10*«-6 

IN.  /CYCLE) 

(K8I«IN**l/2) 

A 

B 

C 

D 

E-  R.  T. 

E-  R.  T. 

E=  R.  T. 

H20  SATURATED 

ALT  JP4-FUEL 

DIST.  WATER 

JP-4  FUEL 

6  DIST.  WATER 

A:  27.  33 

19.  4 

DELTA  KB:  26.  24 

19.  2 

MIN  C:  42.  57 

63.  1 

D: 

30.  00 

26.  4 

31.  1 

35.  00 

40.  8 

48.  9 

40.  00 

37.  7 

69.  0 

30.  00 

106. 

122. 

141. 

60.  00 

200. 

212. 

210. 

70.  00 

402. 

388. 

383. 

A:  72.  48 

483. 

DELTA  KB:  73.  62 

489. 

MAX  C:  74.  51 

607. 

D: 

ROOT  MEAN  SQUARE 

10.  21 

12.  84 

5.  17 

PERCENT  ERROR 

LIFE  O.  0-0.  5 
PREDICTION  O.  5-0.  8 
RATIO  0.8-1.25 

SUMMARY  1.25-2.0 
(NP/NA>  >2.  0 


CONDITION/HT:  BA 
FORM:  1.00"TH  PLATE 

SPECIMEN  TYPE:  DCB 
ORIENTATION-  T-L 
STRESS  RATIO:  ♦B.  10 
FREQUENCY:  1.00  HZ 


AK  (MPA  -v/m) 

4  10  40  100 


FUEL 


R.  T. ; 

□  JP-4 


4  10  40  100 


T.  R.  T. 


YIELD  STRENGTH: 
ULT.  STRENGTH: 
SPECIMEN  THK; 
SPECIMEN  WIDTH: 
REFERENCESS8140 


4  10  40  100 

AK  (KSI  >/m) 


AK  (MPA  v/m) 

4  10  40 

\  t  I  '  J'I'I'I - 1  '  J'TT 

/  -  ENVIFIONMENT:  R.  T.  , 
ALT  JP4-¥1iEL  and 
.j  -  DISTILLED  WATER 


4  10  40 


^1 

I 

I 

I 


I 

II 

■ 

■ 

■ 


4  10  40 

AK  (KSI  -\/m) 


TITAN. 

ALLOY 


TI-6AL- 
4V  CEL  I) 


10'^  ^ 


lO"*  « 


10'^  ^ 


10'^  ™ 


Figure  4.12.3.7 
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TABLE  4.12.3.8 


FATIGUE  CRACK  GROWTH  RATES  AT  DEFINED  LEVELS 
OF  STRESS  INTENSITY  FACTOR 


MATERIAL:  TITANIUM 
CONDITION:  BA 


DATA  ASSOCIATED  WITH  FIGURE  4.12.3.8  INDICATING  EFFECT 

OF  ENVIRONMENT 

TANIUM  TI-AAL-4V  (ELI) 


DELTA  K 
(KSI*XN»«l/2) 


DA/DN  (10**-6  IN.  /CYCLE) 
B  C 


E-  R.  T. 
3.  SX  NACL 


E-  R.  T. 
S.  T.  W. 


DELTA  K  B 
MIN  C 
D 


26.  53 

27.  01 


ROOT  MEAN  SQUARE 
PERCENT  ERROR 


51.  6 


37.  8 


30.  00 

74.  9 

53. 

2 

35.  00 

107. 

70. 

8 

40.  00 

138. 

89. 

5 

50.  00 

214. 

214. 

60.  00 

355. 

616. 

70.  00 

657. 

73.  43 

833. 

64.  60 

757. 

PREDICTION  0.  5-0.  8 
RATIO  0.  8-1.  25 
SUMMARY  1.25-2.0 
(NP/NA)  >2.  0 


4.12-26 


CONDITION/HT:  BA 
FORM;  1.00”TH  PLATE 
SPECIMEN  TYPE:  DCB 
ORIENTATION  T-L 
STRESS  RATIO:  •*■0.  10 


FREQUENCY; 


1.00  HZ 


YIELD  STRENGTH: 
ULT  STRENGTH: 
SPECIMEN  THK: 
SPECIMEN  WIDTH; 
REFERENCES;88140 


TITAN. 

ALLOY 


®  E 


AK  (MPA  \/m) 

4  10  40  100 


10  br 


10'^  hr 


£ 

1,0- 


Z 

5  10 
<0 
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10  hr 
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10“ 
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1  1  1 1 1 1  ii 

_1 

10'° 

©  E 


10  40  100 


10  t: 


10"fcr 


o  10^ 

•V. 

Z  5 
tJ 


10  hr 


^.7 


10'hr 


10 


=  1^1 '  I'i'i  r 

-  ENVIRONMENT; 

'IT' nr 

— 

— 

— 

— 

I-Lj  1 

i-bli 

_ L 

1  1  ihb 

.  • 


4  10  40  100 

AK  (KSI  v/m) 


AK  (MPA  v^) 

4  10  40  100 


®  E 


10  hr 


,3 


10’ 


10' 


-5 


10 


10 


.-7 


10 


10' 


=  J  '  J  M' ^ 

_  ENVIRONMENT:  R.  T.  ,  — 

S.  T.  W.  = 

-rr 
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— 

-r: 

“-.J-J . IJ, .1.1.11 

-n 

TI-BAL- 
4V  <ELI>| 


.1 


10 


10’^  5 
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10 
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-JIO 


,-5 
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- 

— 

— 

• 

— 

- 

* 

* 

— 

— 

_ 

— 

— 

■■■■ 

- 1  1  1  1  1  ill 

— 

10' 


10' 


10 


10'^  5 
u 
u 


■3  E 


10 


Z 

,  •D 

10  re 

"C 


10 


,-5 


10 


.-6 


1  4  10  40  100 

AK  (KSI  v/ki) 


Figure  4,12.3.8 
4.12-27 


TABLE  4.12.3,9 


FATIGUE  CRACK  GROWTH  RATES  AT  DEFINED  LEVELS 
OF  STRESS  INTENSITY  FACTOR 


I 

«  A 


I 

I 


DATA  ASSOCIATED  WITH  FIGURE  4.12.3.9INDICATINO  EFFECT 

OF  ENVIRONHENT 


MATERIAL:  TITANIUM 
CONDITION:  BA 

T1-6AL- 

-4V  {ELD 

DELTA  K 

DA/DN  <10**- 

(KSI*IN**l/2) 

A 

B 

E-  R.  T. 

E-  R.  T. 

H20  SATURATED 

3.  5%  NACL 

JP-4  FUEL 

A:  3A.  50 

15.  3 

delta  KB:  SA.  84 

11.0 

MIN  C: 

D: 

30.  00 

28.  0 

36.  9 

39.  00 

47.  9 

110. 

40.  00 

67.  9 

194. 

90.  00 

123. 

393. 

60.  00 

230. 

624. 

70.  00 

901. 

1449. 

A:  76.  78 

1014. 

DELTA  K  B:  79.  41 

2636. 

MAX  C: 

D: 

ROOT  MEAN  SQUARE 

10.  69 

18.  13 

PERCENT  ERROR 


I 


I,  ..  0.0-0.  9 

■"‘5-0.8 

/?r.r,o  <'  .'-i.ES 

vKflr  u-.HV  1 ,  n.  0 
<  >  /M  >  >  0 


;!;X 

i-- 

?•' 

i*-' 

it] 


4.12-28 


CONDITION/HT:  BA 
FORM:  1.  00TH  PLATE 

SPECIMEN  TYPE:  DCB 
ORIENTATION  T-L 
STRESS  RATIO:  ♦B.  10 
FREQUENCY:  0.  10  HZ 


AK  (MPA  \/m) 

4  10  40  100 

I  '  I  '  MH - I'TT  '  I'l'I 

Jp-4 

FUEL 


4  10  40  100 

I  '  TI'I'I — I  '  I  nT^T" 
ENVIRONMENT: 


4  10  40  100 

AK  (KSI  v^) 


YIElO  STRENGTH: 
ULT  STRENGTH: 
SPECIMEN  THK: 
SPECIMEN  WIDTH: 
REFERENCES:eei40 


AK  (MPA  vTti) 
4  10  41 


10° 

vs/ 

10  ' 

10" 

10  ^ 

10' 

10  ^ 

io' 

10'* 

10 ' 

10'^ 

io' 

10° 

10' 

10° 

io' 

® 

10  ' 

10' 

10  ^ 

10 

10  ^ 

10 ' 

10'^ 

10 

10^ 

io' 

10° 

10 

10 

=  j  '  P  n  m 

ENVIRONMENT:  R.  T 
3.  5X  NACL 

— 

— 

c 

— 

i 

4  10  4 


-  ENVIRONMENT: 

- 

: 

__ 

— 

1  .1.1.1. 

■  .-i  1 

4  10  - 

AK  (KSI  v'^) 


f'ltjuro  4.12.1,9 
4.12-29 


TITAN. 

ALLOY 


TI-6AL- 
4V  CELI> 


TABLE  4.12.3.10 


FATIGUE  CRACK  OROUTH  RATES  AT  DEFINED  LEVELS 
OF  STRESS  INTENSITY  FACTOR 

DATA  ASSOCIATED  WITH  FIGURE 4. 12. 3. 10 INDICATING  EFFECT 

OF  ENVIRONMENT 


MATERIAL:  TITANIUM  TI-6AL-4V  (ELI) 

CONDITION:  BA 


DELTA  K 
<K8I*IN**l/2) 


DA/DN  IN.  /CYCLE) 

A  B  C  D 


E—  ASF 
NITROGEN  it  AIR 


A:  15.  30 

DELTA  K  B: 

MIN  C: 

D: 


2.  20 


lA. 

00 

2.  A9 

20. 

00 

9.  07 

25. 

00 

15.  4 

30. 

00 

22.  0 

35. 

00 

33.  1 

40. 

00 

53.  4 

42. 

13 

AA.  9 

DELTA  K  B 
MAX  C 


ROQi  ^lEAN  SQUARE  11.  19 

PERCENT  ERROR 


LIFE 

PREDICTION 

RATIO 

SUMMARY 

(NP/NA> 


0.  0-0.  5 
0.  5-0.  8 
0.  8-1.  25 
1.  25-2.  0 
>2.  0 


CONDITION/HT:  BA 

TITAN. 

FORM;  1.  00"TH  PLATE 

YIELD  STRENGTH; 

ALLOY 

SPECIMEN  TYPE;  DCB 

ULT.  STRENGTH; 

ORIENTATION'  T-L 

SPECIMEN  THK: 

STRESS  RATIO;  ♦0.  30 

SPECIMEN  WIDTH; 

TI-6AL- 
4V  CELI> 

FREQUENCY;  1.00  HZ 

REFERENCESS8140 

TABLE  4.12.3.11 


FATIGUE  CRACK  GROWTH  RATES  AT  DEFINED  LEVELS 
OF  STRESS  INTENSITY  FACTOR 

DATA  ASSOCIATED  WITH  FIGURE  4. 12.3. IIINDICATINC  EFFECT 

OF  ENVIRONMENT 


MATERIAL:  TITANIUM  TI-AAL-4V  <ELI) 

CONDITION:  BA 


DELTA  K 

DA/DN  (10*«-6 

IN.  /CYCLE) 

(KSI«IN«*l/2) 

A 

B 

C 

D 

E— ►  179F 

E«+  175F 

E«+  175F 

E»>  i79F 

DRY  AIR 

JP-4  FUEL 

DIST.  WATER 

3.  5X  NACL 

A 

19.  19 

4.  42 

DELTA  K  U 

14.  71 

3.  87 

MIN  C 

SI.  49 

19.  1 

D 

19.  01 

9.  91 

lA.  00 

9.  69 

9.  02 

6.  93 

SO.  00 

12.  1 

13.  3 

17.  a 

S9.  00 

20.  7 

24.  0 

29.  8 

48.  6 

30.  00 

33.  9 

36.  9 

90.  4 

100. 

39.  00 

96.  1 

99.  6 

73.  3 

199. 

40.  00 

78.  0 

99.  0 

91.  9 

A 

40.  96 

80.  3 

DELTA  K  B 

42.  28 

101. 

MAX  C 

41.  36 

99.  9 

D 

35.  96 

169. 

ROOT  MEAN 
PERCENT 

SQUARE 

iRROR 

9.  09 

14.  61 

7.  92 

12.  39 

LIFE  0.  0-0.  9 
PREDICTION  0.  5-0.  8 
RATIO  0.  e-1.25 
SUMMARY  1.29-2.0 
<NP/NA)  >2. 0 


■I  CONDITION/HT:  BA 

y  FORM:  1.  00"TH  PLATE  YIELD  STRENGTH: 

SPECIMEN  TYPE:  DCB  ULT.  STRENGTH: 

ORIENTATION  T-L  SPECIMEN  THK: 

STRESS  RATIO:  50  SPECIMEN  WIDTH: 

\  v/.-  FREQUENCY:  1. 00  HZ  REFERENCES:88140 

* 


TABLE  4.12.3.12 


FATIGUE  CRACK  OROMTH  RATES  AT  DEFINED  LEVELS 
OF  STRESS  INTENSITY  FACTOR 

DATA  ASSOCIATED  WITH  FIGURE  4.12. 3. 12INDICATING  EFFECT 

OF  ENVIRONMENT 


4.12-34 


CONDITION/HT:  BA 
FORM:  1.  00"TH  PLATE 

^  .  SPECIMEN  TYPE:  DCB 

‘>v  ORIENTATION  T-L 

..  STRESS  RATIO:  ♦0.50 
-^-^FREQUENCY:  1.00  HZ 


YIELD  STRENGTH: 
ULT.  STRENGTH: 
SPECIMEN  THK; 
SPECIMEN  WIDTH: 
REFERENCES:B8140 

# 


TITAN. 

ALLOY 


Tl-BAL- 
4V  CEL1> 


AK  (MPA  v/m) 


ENVIRON 
H2g 
FUEL 


*  R*  T*  • 

T|D  JP-4 


4  10  40  100 


R.  T. , 


4  10  40  100 

AK  (KSI  \/Tn) 


/  _  ENVIRONMENT;  R.  T.  . 

ALT  JP4-FUEL  AND 
-2  ~  DISTILLED  WATER 


4  10  40  100 


I 

I 

II 


I 


4  10  40  100 

AK  (KSI  v'^) 


Figure  4.12.3.12 
4.12-35 


2 
.  "D 

10  re 
n 


10^  re 
TJ 


TABLE  4.12.3.13 


FATIGUE  CRACK  GROWTH  RATES  AT  DEFINED  LEVELS 
OF  STRESS  INTENSITY  FACTOR 

DATA  ASSOCIATED  WITH  FIGURE  4.12.3.13INDICATING  EFFECT 


OF  E^'VIRON^1ENT 


MATERIAL:  TITANIUM 
CONDITION:  BA 

TI-6AL- 

4V  (ELI) 

DELTA  K 
<KSI*IN**l/2> 

DA/DN  (10«*-6  IN. /CYCLE) 

A 

BCD 

E-  R.  T. 

E-  R.  T. 

3.  5X  NACL 

8.  T.  W. 

A:  10.  16 

.  980 

delta  KB:  9.  76 

MIN  C: 

D: 

.  991 

10.  00 

1.  13 

13.  00 

2.  61 

3.  77 

16.  00 

9.  36 

9.  26 

20.  00 

31.  3 

2S.  2 

29.  00 

69.  0 

62.  3 

30.  00 

119. 

86.  9 

39.  00 

1B4. 

120. 

40.  00 

308. 

196. 

A:  40.  69 

333. 

DELTA  K  B:  42.  18 
MAX  C: 

D: 

298. 

ROOT  MEAN  SQUARE 
PERCENT  ERROR 

18.  94 

19.  96 

LIFE  0.  0-0.  9 
PREDICTION  0.  5-0.  8 
RATIO  0.8-1.29 

SUflHARY  1.  29-2.  0 
(NP/NA>  >2.  0 


4.12-36 


CONDITION/HT:  BA 
FORM:  1.00"TH  PLATE 

SPECIMEN  TYPE:  DCB 
ORIENTATION  T-L 
STRESS  RATIO:  ♦0.  50 
'REQUENCY:  1.  00  HZ 


AK  (MPA  -v/m) 


VIRONMENT;  R.  T.  . 


4  10  40  100 


4  10  40  100 

AK  (KSI  >/Tn) 


YIELD  STRENGTH: 
ULT.  STRENGTH: 
SPECIMEN  THK : 
SPECIMEN  WIDTH: 
REFERENCES:88140 


AK  (MPA  v/rn) 


pNMENT:  R. 


4  10 


4  10  - 

AK  (KSI  v^n) 


TITAN. 

ALLOY 


TI-6AL- 
4V  CEL  I 


10'^  -s 


,0  =  1 
z 

.  -O 

10  ^ 
T) 


Figure  4.12.3.13 


4.12-37 


TABLE  4.12.3.14 


FATIGUE  CRACK  GROWTH  RATES  AT  DEFINED  LEVELS 
OF  STRESS  INTENSITY  FACTOR 

DATA  ASSOCIATED  WITH  FIGURE  4.12. 3.14INDICATINO  EFFECT 


OF  ENVIRONMENT 


MATERIAL; 

CONDITION 

TITANIUM 

BA 

T1-6AL-4V  (ELI) 

DELTA  K 

DA/DN  (10*«>6  IN.  /CYCLE) 

(K8I*IN»«l/2> 

A  B  C  D 

E»  R.  T. 

DRY  AIR 

A 

DELTA  K  B 
MIN  C 

D 

10.  10 

.  424 

13.  00 

2.  46 

16.  00 

6.  34 

20.  00 

12.  8 

29.  00 

22.  4 

30.  00 

36.  2 

39.  00 

60.  4 

40.  00 

107. 

A 

DELTA  K  B 
MAX  C 

D 

40.  48 

113. 

ROOT  MEAN  SGUARE  20.  99 

PERCENT  ERROR 


LIFE  0.  0-0.  9 
PREDICTION  0.  9-0.  8 
RATIO  0.  8-1.  29 
SUMMARY  1.  29-2.  0 
(NP/NA>  >2.  0 


CONDITION/HT-  BA 
FORM:  1.  00"TH  PLATE 

SPECIMEN  TYPE:  DCB 
ORIENTATION  T-L 
STRESS  RATIO:  *2.  50 

FREQUENCY:  0.  10-  1. 00  HZ 


AK  (MPA  -v/m) 

4  10  40  100 


R.  T. . 


4  10  40  100 

T‘n'' ni'i — r  «  i  > I'i'i 

ENVIRONMENT: 


4  10  40  100 

AK  (KSI  v/7n) 


YIELD  STRENGTH: 
ULT.  STRENGTH: 
SPECIMEN  THK: 
SPECIMEN  WIDTH: 
REFERENCES88140 


AK  (MPA  v/rn) 
I  10  4 


10° 

® 

10  ’ 

10' 

10'^ 

10 

10^ 

lO' 

lO" 

10 

10'^ 

io' 

10® 

10‘ 

10° 

10 ' 

® 

10' 

10' 

10  ^ 

10 

10^ 

10'' 

10'^ 

10 

10® 

10 ' 

10® 

10' 

lO' 

4  10 

iNVIRONMENT 


4  10 

n“'^Tn'i'i — 

ENVIRONMENT 


4  10 

AK  (KSI  >/in) 


Figure  4.12.3.14 
4.12-39 


TITAN. 

ALLOY 


T1-6AL- 
4V  CELI> 


TABLE  4.12.3.15 


FATIGUE  CRACK  GROWTH  RATES  AT  DEFINED  LEVELS 
OF  STRESS  INTENSITY  FACTOR 

DATA  ASSOCIATED  WITH  FIGURE  4.12. 3. 15INDICATINC  EFFECT 

OF  ENVIRONMENT 

TANIUM  TI-6AL-4V  <ELI> 


MATERIAL:  TITANIUM 
CONDITION:  BA 


DELTA  K 
(KSI*IN**l/2) 


DA/DN  (10**-6  IN.  /CYCLE) 


E=  R.  T. 

H20  SATURATED 
JP-4  FUEL 


E-  R.  T. 
3.  5%  NACL 


E*  R.  T. 
S.  T.  W. 


A: 

14.  08 

3.  69 

delta 

K 

B: 

19.  34 

9.  62 

MIN 

C: 

19.  38 

4.  96 

0: 

16.  00 

6.  63 

6.  80 

9.  42 

.  w* 

20.  00 

13.  9 

19.  0 

12.  7 

i 

29.  00 

39.  0 

37.  8 

27.  2 

30.  00 

42.  8 

178. 

94.  1 

9 

39.  00 

78.  6 

264. 

110. 

40.  00 

233. 

A: 

37.  10 

109. 

nv 

DELTA 

K 

8: 

39.  28 

264. 

MAJf 

n^ii 

C: 

82.  70 

357. 

0: 

1 

nam  meam 

muMte 

7.  84 

21.  27 

9.  49 

LIFE 

F4ICDICT10N 

(MTIO 


4NP/MA) 


m.  9 
O.  *-0.  8 
0.8-1.  29 
1.  29-2.  0 
>2.  0 


4.12-40 


CONDITION/HT;  BA 
FORM:  1.00‘’TH  PLATE 

SPECIMEN  TYPE:  DCB 
ORIENTATION  T-L 
.'N,  STRESS  RATIO:  •*•0.  50 
v-y  FREQUENCY:  0.  10  H2 


AK  (MPA  y/m) 

4  10  40  100 

I  <  I  '  I'l'l - J  M'l'l 

Jk-4 


FUEL 


4  10  40  100 

I  '  I  '  I'I'I - r  'T'T'TT' 

^V|JR^NMENT:  R-  t.  , 


YIELD  STRENGTH: 
ULT.  STRENGTH: 
SPECIMEN  TMK: 
SPECIMEN  WIDTH: 
REFERENCESB8140 


4  10  40  100 

AK  (KSI  v/m) 


AK  (MPA  Vm) 
4  10  4 


10° 

(D 

10' 

10' 

10'^ 

10' 

10^ 

io‘ 

10 

lO"* 

10'* 

10* 

10' 

10® 

10*' 

ENVIRONMENT:  R.  1 
3.  5Z  NACL 


10° 

VtJ/ 

10' 

10' 

10'^ 

10' 

10-^ 

10  ‘ 

10'^ 

10 

10® 

10* 

10® 

10 

lo' 

lO'"  I 

■o 


1  4  10  40 

E 'I  ’  I  'I'I'I — r“n^ 

-  ENVIRONMENT: 


10'^  « 


10^  « 


4  10  i 

AK  (KSI  v/Tn) 


Figure  4.12.3.15 
4.12-41 


T/\BLt:  4.12.3.16 


FATIGUE  CRACK  GROWTH  RATES  AT  DEFINED  LEVELS 
OF  STRESS  INTENSITY  FACTOR 

DATA  ASSOCIATED  WITH  FIGURE  4. 12.3. 16INDICATING  EFFECT 


OF  ENVIRQNMENH 


MATERIAL:  TITANIUM 

TI’6AL 

-4V  (ELI) 

CONDITION:  RA 

DELTA  K 

DA/DN  ( 10**-6 

IN.  /CYCLE) 

(KSl*IN**l/2> 

A 

B 

C 

D 

E=  R.  T. 

Ea  R.  T. 

LAB  AIR 

SIM.  SEA  WATER 

lOHZ 

1-lOHZ 

A:  12.  94 

.  519 

DELTA 

K  B:  10  88 

3  44 

MIN 

C: 

D: 

13.  00 

.  565 

3.  90 

16.  00 

4.  94 

7.  39 

20.  00 

10.  8 

15.  0 

25.  00 

19.  4 

32  1 

30.  00 

30.  8 

64.  3 

35.  00 

SO.  6 

121 

40.  00 

91.  5 

204. 

50.  00 

393. 

A:  47.  16 

202. 

DELTA 

K  B.  50.  76 

404. 

MAX 

C; 

D: 

ROOT  MEAN  SQUARE 

33.  80 

20.  45 

PERCENT  ERROR 

LIFE  0. 0-0  5 

PREDICTION  0.  5-0  8  1 

RATIO  0.8-1.25  2 

SUMMARY  1.25-2.0  1 

<NP/NA)  >20 


CONDITION/HT:  RA 
FORM:  3,  00 "TH  PLATE 

SPECIMEN  TYPE:  CT 
ORIENTATION  L-T 
STRESS  RATIO:  ♦O.  10 
FREOUENCY: 


YIELD  STRENGTH:  1 19.  4  KSI 
ULT.  STRENGTH:  127.  8  KSI 
SPECIMEN  THK:  1.003-  1.040" 

SPECIMEN  WIDTH:  7.  400" 
REFERENCESt4C002 


TITAN. 

ALLOY 


TI-6AL- 

4VCELI) 


AK  (MPA  v/rn) 

4  10  40  100 

T'  M  I'M! — r~T  1  M'l'l 

10HZ 


AK  (MPA  \/m) 
_ 4  10 _ 4 

)  -  ^NVIFlcjNlii^NT:  '  r]  ' 
_  SIM.  SEA 'WATER 
-2  1-10H2 


4  10  40  100 


4  10  40  100 

AK  (KSI  >/m) 


4  10 


Figure  4.12.3.16 


4  10  4( 

AK  (KSI  VTn) 


10'^  ^ 


z 

.  -D 
10'^  ^ 
T5 


10^  ^ 


,0=1 


10'^  « 


4.12-43 


TABLE  4.12.3.17 

FATIGUE  CRACK  GROWTH  RATES  AT  DEFINED  LEVELS 
OF  STRESS  INTENSITY  FACTOR 

DATA  ASSOCIATED  WITH  FIGURE  4.12. 3. 17INDICATING  EFFECT 

OF  ENVIRONMENT 


MATERIAL:  TITANIUM 
CONDITION:  RA 


TI-AAL-4V  (ELI) 


DELTA 

K 

DA/DN  ( 10**-6 

IN.  /CYCLE) 

(KSI*IN**l/2) 

A 

B 

C 

E*  R.  T. 

E»  R.  T. 

LAB  AIR 

SiM.  SEA  WATER 

A; 

12.  57 

1.  50 

delta 

K 

B; 

13.  17 

2.  76 

MIN 

C: 

D: 

13.  00 

1.  71 

16.  00 

3.  68 

3.  88 

20.  00 

7.  75 

7.  96 

25.  00 

16.  0 

20.  1 

30.  00 

29.  4 

45.  1 

35.  00 

51.  4 

87.  4 

40.  00 

87.  2 

146. 

50.  00 

240. 

60.  00 

638. 

A: 

67.  29 

:'  1287. 

DELTA 

K 

B: 

45.  43 

221. 

ROOT  MEAN  SQUARE 

16.  76 

30.  38 

PERCENT  ERROR 

PREDICTION 

0.  5-0.  8 

1 

1 

RATIO 

0.  8-1.  25 

2 

1 

SUMMARY 

1.  25-2.  0 

<NP/NA) 

>2.  0 

4.12-44 

w ■ 


CONDITION/HT;  RA 
FORM:  3.  20  "TH  PLATE 

SPECIMEN  TYPE:  CT 
ORIENTATION-  T-L 
STRESS  RATIO:  -►a.  10 
FREQUENCY:  1.  00-  10.  00  HZ 


YIELD  STRENGTH:  120.  0  KSI 
ULT.  STRENGTH;  130.  2  KSI 
SPECIMEN  THK:  0.923-  1.010* 

SPECIMEN  WIDTH:  7.  400" 
REFERENCES:NC002 


TITAN. 
1  ALLOY 


TI-6AL- 
4V  <ELI> 


o  . 

^  10 
V. 

C 


I 


o  . 

5*  10 


z  . 

-D 


SuSiSiSSuSyiEI 


40  100 


10'^  1 
"D 


10'^  ^ 


.0-1 

10'^  1 
■o 


Figure  4.12,3.1 


4.12-45 


AN  PLANE  STRAIN  FRACTURE  Tl 
TANIUH  ALLOY  TI-SAL-AV-aSN 


FATieUE  CRACK  ORQUTH  RATE  AT  DEFINED  LEVELS  OF  THE  STRESS- INTENSI TV  FACTOR 


FATieuE  CRACA  MOUTH  RATE  AT  DEFINED  LEVELS  OF  THE  STRESS-INTENSITY  FACTOR 


V 
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TABLE  4.13.3.1 


FATIGUE  CRACK  GROWTH  RATES  AT  DEFINED  LEVELS 
OF  STRESS  INTENSITY  FACTOR 


DATA  ASSOCIATED  WITH  FIGURE  4.13.3.1  INDICATING  EFFECT 

OF  STRESS  RATIO 


1  MATERIAL:  TITANIUM 

TI-AAL-6V-2a4 

1  CONDITION:  BA 

ENVIRONMENT:  R.  T. 

.HUMID  AIR  1 

DELTA  K 
(K8X«IN««l/2> 


A 

R-+0.  10 


DA/DN  <10*«-6  IN. /CYCLE) 
B  C 


DELTA  K  B 
niN  C 
D 


200.  00 


A: 

DELTA  K  B: 


ROOT  MEAN  SQUARE 
PERCENT  ERROR 


LIFE  0.  0-0.  5 
PREDICTION  0.  9-0.  8 
RATIO  O.  8-1.  25 
SUflHARY  1.  29-2.  0 
(NP/NA)  >2.  0 


4.13-16 


CONDITION/HT;  BA 
FORM:  0.38"TH  PLATE 

SPECIMEN  TYPE:  PTSF 
ORIENTATION:  T-S 
•*..  FREQUENCY:  10.  00  HZ 

ENVIRONMENT:  R.  T. .  HUMID  AIR 


AK  (MPA  -s/m) 

4  10  40  100 


4  10  40  100 

"T~ »~rTn''i — I  '  I  'MCI 
STRESS  RATIO  = 


YIELD  STRENGTH:  130.  0  KSI 
ULT.  STRENGTH: 

SPECIMEN  THK:  0.  375" 
SPECIMEN  WIDTH:  5.  000" 
REFERENCESS09ei 


AK  (MPA  -v/m) 
4  10  41 


10° 

vs/ 

10' 

10’ 

10- 

10  ^ 

10 ' 

10^ 

10' 

10^ 

10* 

10^ 

10' 

10® 

10' 

4  10  40  100 

AK  (KSI  \/Tn) 


1  4  10 

=  I  '  I '  I'Hi — r 

"  STRESS  RATIO  = 


4  10  < 

AK  (KSI  >/Tn) 


Figure  4.13.3.1 
4.13-17 


TITAN. 

ALLOY 


TI-6AL- 

6V-2SN 


X 


TABLE  4.13.3.2 


FATIGUE  CRACK  GROWTH  RATES  AT  DEFINED  LEVELS 
OF  STRESS  INTENSITY  FACTOR 

DATA  ASSOCIATED  WITH  FIGURE  4.13.3.2  INDICATING  EFFECT 

OF  ENVIRONMENT 


MATERIAL:  TITANIUM  TI-6AL-6V-2SN 

CONDITION:  BA 


DELTA  K 

DA/DN  <10*«-6  IN.  /CYCLE) 

<KSI*I^HH^l/2) 

A  B  C  D 

E-  R.  T. 

3.  9X  NACL 

A 

a.  91 

1.  38 

DELTA  K  B 
MIN  C 

D 

9.  00 

1.  36 

to.  00 

1.  31 

13.  00 

9.  40 

16.  00 

12.  9 

A 

17.  76 

12.  0 

DELTA  K  B 
MAX  C 

0 

ROOT  MEAN 

SQUARE 

27.  07 

PERCENT  ERROR 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

» 

1 

1 

1 

1 

1 

1 

» 

1 

1 

1 

1 

1 

( 

1 

» 

1 

1 

i 

M 

LIFE  0.  0-0.  » 
PREDICTION  O.  S-0.  8 
RATIO  0.  B-i.  29 
SUMMARY  1.29-2.0 
(NP/NA)  >2. 0 


CONDITION/HT:  BA 
FORM:  0.  30"TH  PLATE 

SPECIMEN  TYPE:  PTSF 
ORIENTATION  T-S 
STRESS  RATIO:  ■*•0-  10 
r'V  FREQUENCY:  0.10-  10.00  HZ 


AK  (MPA  y/m) 

4  10  40  100 


ENVIRONMENT:  R.  t. 
3.5X  NACL 


4  10  40  100 

•I"'  p'PTn — r“n“wr” 

ENVIRONMENT; 


YIELD  STRENGTH:  180.  0  KSI 
ULT  STRENGTH:  188.  0  KSI 
SPECIMEN  THK :  0.  375 " 

SPECIMEN  WIDTH:  5.  000" 
REFERENCESS09ei 


AK  (MPA  v^) 
4  10  4( 


10° 

vs/ 

10' 

10" 

10* 

10‘- 

10* 

io' 

io' 

10' 

10'* 

io‘ 

10* 

10' 

10-' 

4  10  40  100 

AK  (KSI  v^) 


o 

o 

vs/ 

10*’ 

10* 

10* 

Iff* 

10* 

10* 

i(r" 

10* 

ior» 

10* 

10* 

Iff* 

10'* 

4  10 

I  '  rn’n 

ENVIRONMENT: 


4  10  < 

AK  (KSI  v/Tn) 


Figure  4.13.3.2 
4.13-19 


TITAN. 

ALLOY 


TI-0AL- 

8V-2SN 


10'^  ^ 


Z 

-4  ^ 

10  « 
•o 


10*  z 
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TABLE  4.13.3.3 


FATIGUE  CRACK  GROWTH  RATES  AT  DEFINED  LEVELS 
OF  STRESS  INTENSITY  FACTOR 

DATA  ASSOCIATED  WITH  FIGURE  4. 13. 3. 3  INDICATING  EFFECT 


OF  ENVIRONHENT 


MATERIAL: 

CONDITION: 

TITANIUM 

MA 

TI-6AL-6V-28N 

DELTA  K 

DA/DN  (10«*-6  IN.  /CYCLE) 

(KBI«IN*«l/2) 

A 

B  C 

D 

E-  R.  T. 

E-  R.  T. 

INTERSTITIAL 

INTERSTITIAL 

0XY0EN«0.  08% 

0XY0EN>0.  16X 

A: 

16.  07 

3.  37 

DELTA  K  8; 

16.  93 

8.  97 

NIN  C: 

D: 

20.  00 

9.  21 

11  7 

29.  00 

17.  8 

30.  7 

30.  00 

26.  7 

66.  7 

39.  00 

37.  7 

40.  00 

93.  9 

A; 

49.  10 

112. 

DELTA  K  B: 

31.  63 

171. 

HAX  C: 

D: 

ROOT  MEAN 

SQUARE 

9.  19 

12.  71 

PERCENT  ERROR 

LIFE  0.  0-0.  9 
FREDICTION  0.  9-0.  8 
RATIO  0.8-1.29 

BUMMARY  1.29-2.0 
(NF/NA>  >2.  0 


CONDITION/HT:  MA 

TITAN. 

FORM: 

YIELD  STRENGTH: 

ALLOY 

SPECIMEN  TYPE: 

ULT.  STRENGTH: 

ORIENTATION 

SPECIMEN  THK: 

,  STRESS  RATIO: 

SPECIMEN  WIDTH: 

TI-8AL- 

FREQUENCY: 

REFERENCES;gi045 

BV-2SN 

AK  (MPA  y/m) 

4  10  40  100 


AL  OxVbEN 


4  10  40  100 

T-'TnTT^I - 1  '  I  'l'l'l 

ENVIRONMENT. 


4  10  40  100 

AK  (KSI  •/m) 


AK  (MPA  y/m) 

4  10  40  100 


ENVIRONMENT;  R.  T.  , 

interstitial  oxygen 

-  0.  lOX 


4  10  40  1 

1  ■'  I  'I'TH - FT  r'lT 

environment. 


4  10  40  1 

AK  (KSI  >/Tn) 


Figure  4.13.3.3 
4.13-21 


TABLE  4.13.3.4 


FATIGUE  CRACK  GROWTH  RATES  AT  DEFINED  LEVELS 
OF  STRESS  INTENSITY  FACTOR 

DATA  ASSOCIATED  WITH  FIGURE  4.13. 3.4  INDICATING  EFFECT 


OF  ENVIRONHENT 


MATERIAL: 

CONDITION 

TITANIUM 

MA 

TI-6AL-6V-2SN 

DELTA  K 

DA/DN  <10««-6  IN.  /CYCLE) 

(KSI«IN««l/2> 

A  B  C  D 

E=  R.  T. 

LAB  AIR 

A 

4.  16 

.  0207 

DELTA  K  B 

MIN  C 

D 

S.  00 

.  0440 

6.  00 

.  0905 

7.  00 

.  164 

8.  00 

.  271 

9.  00 

.  420 

10.  00 

.  620 

13.  00 

1.  61 

16.  00 

3.  43 

20.  00 

7.  73 

25.  00 

17.  7 

30.  00 

35.  2 

35.  00 

64.  0 

40.  00 

109. 

A 

41.  81 

130. 

DELTA  K  B 

MAX  C 

D 

ROOT  MEAN 

SQUARE 

19.  73 

PERCENT  ERROR 

LIFE  O.  0-0.  D 

PREDICTION  0.  5-0.  8  1 

RATIO  0.8-1.25  1 

SUMMARY  1.25-2.0 
<NP/NA)  >2.  0 


CONDITION/HT:  MA 
FORM:  EXTRUSION 
SPECIMEN  TYPE;  CCP 
ORIENTATION  L-T 
STRESS  RATIO:  •♦•B.  02 
FREQUENCY:  0.10-  20.00  HZ 


AK  (MPA  v/rn) 

4  10  40  100 


4  10  40  100 

I  ■'"Ti'n — I  •n'T'i'f 

ENVIRONMENT. 


4  10  40  100 

AK  (KSI  -v/m) 


YIELD  STRENGTH:  143.  0  KSI 
ULT  STRENGTH:  157.0  KSI 
SPECIMEN  THK:  0.081-  0.082" 

SPECIMEN  WIDTH:  3.  509-  3.  519" 

REFERENCESMA002 


AK  (MPA  Vrn) 
I  10  4 


10° 

(D 

10* 

10’ 

10° 

10'^ 

10* 

10'^ 

10° 

10“ 

10® 

10® 

10'^ 

10® 

10® 

10° 

® 

10* 

10’ 

10° 

10’^ 

10* 

10'^ 

10° 

io“ 

10® 

10® 

lo’ 

10® 

10'® 

4  10 

I  M'l'l'l - 

ENVIRONMENT 


1  4  10 

=■  T  ■'  n  I'I'I 

-  ENVIRONMENT: 


4  10  - 

AK  (KSI  -s/in) 


Figure  4.13.3.4 
4.13-23 


TITAN. 

ALLOY 


TI-8AL- 

ev-2SN 


10'^ 


10'^  m 


lO  "*  ™ 


TABLE  4.13.3.5 


FATIGUE  CRACK  GROWTH  RATES  AT  DEFINED  LEVELS 
OF  STRESS  INTENSITY  FACTOR 

DATA  ASSOCIATED  WITH  FIGURE  4.13.3.5  INDICATING  EFFECT 

OF  ENVIRONMENT 


MATERIAL:  TITANIUM 
CONDITION:  MA 


TI-AAL-6V-2SN 


DELTd 

^  K 

DA/DN  (10**-6 

IN.  /CYCLE) 

(KSI*IN**l/2) 

A 

B 

C 

D 

E=  R  T. 

E=  R  T. 

E=  R.  T, 

E=  R.  T. 

DRY  ARGON 

DRY  AIR 

JP-4  FUEL 

DIST.  WATER 

A 

13.  02 

4.  85 

delta  k  b 

10  24 

1  28 

MIN  C 

10.  06 

2.  41 

D 

10.  2S 

93 

13  00 

3.  53 

5.  70 

2.  36 

16.  00 

6.  20 

7  54 

10.  9 

4.  79 

20  00 

10.  3 

11.  1 

22.  4 

9.  77 

2S.  00 

21.  0 

19.  1 

51.  6 

1  ?.  9 

30  00 

40  9 

48.  9 

118. 

36.  9 

35.  00 

72.  9 

107 

271. 

65.  4 

40.  00 

120. 

164 

632. 

113. 

50.  00 

633. 

391 

322. 

A 

55.  28 

911. 

DELTA  K  B 

58.  24 

1749. 

MAX  C 

42.  78 

1015. 

D 

58.  29 

747. 

ROOT  MEAN  SQUARE 

23.  61 

29,  90 

21. 93 

25.  52 

PERCENT  ERROR 

LIFE  0.  0-0  5 

PREDICTION 

0.  5-0.  8 

RATIO 

0.  3-1.  25 

SUMMARY 

1.  25-2.  0 

(NP/NA) 

>2  0 

4.13-24 

CONDITION/HT:  MA 
FORM:  2.  00"TH  FORGING 

SPECIMEN  TYPE.  DCB 
ORIENTATION  L-T 
V-  STRESS  RATIO:  ♦0.  02 
N'  FREQUENCY:  0.  08-  10.  00  HZ 


AK  (MPA  v/m) 

4  10  40  100 


4  10  40  100 

PTH^i — rrrrwr" 

lONMFNT:  R.  , 


4  10  40 

£iK  (KSI 


YIELD  STRENGTH:  144.  0-  155.0  KSI 
ULT.  STRENGTH:  151.0-  184.0  KSI 
SPECIMEN  THK:  0.750" 

SPECIMEN  WIDTH:  5.  500" 
REFERENCES:e4360 


AK  (MPA  y/rn) 
4  10  41 


ENVIRONMENT:  R. 
DRY  AIR 


10 

10^ 

10 

10^ 

io‘ 

10^ 

10' 

10® 

10'' 

10° 

® 

10' 

10’ 

10" 

10'^ 

io‘ 

10'^ 

10' 

10'^ 

10* 

10® 

10' 

10® 

10' 

4  10  4 

IM'I'I - ITT 

RONMENTi  R.  1 


4  10  - 

AK  (KSI  >/m) 


Figure  4.13.3.5 
4.13-25 


TITAN. 

ALLOY 


TI-6AL- 

8V-2SN 


TABLR  4.13.3.6 


FATIGUE  CRACK  GROWTH  RATES  AT  DEFINED  LEVELS 
OF  STRESS  INTENSITY  FACTOR 

DATA  ASSOCIATED  WITH  FIGURE  4.13.3.6  INDICATING  EFFECT 


OF  ENVIRONMENT  v 


MATERIAL;  TITANIUM 
CONDITION:  RA 

TI-6AL-6V-2SN 

1 

3 

I 

•] 

DELTA  K 

DA/DN  <10**-6  IN.  /CYCLE) 

<KSI*IN**l/2) 

A 

B  C 

D 

* 

i 

E-  R.  T. 

E-  R.  T. 

INTERSTITIAL 

INTERSTITIAL 

OXYGEN-O.  08% 

OXYGEN-O.  16% 

A:  18.  44 

4.  64 

'i 

J 

DELTA  KB;  21.24 

10.  6 

MIN  C: 

D: 

i 

•I 

20.  00 

6.  36 

J 

25.  00 

13.  6 

23.  7 

1 

30.  00 

23.  0 

47.  1 

'  A  i 

35.  00 

34.  8 

72.  4 

1 

40.  00 

49.  3 

96.  3 

1 

50.  00 

86.  0 

i 

60.  00 

125. 

4 

J 

70.  00 

154. 

1 

80.  00 

176. 

j 

90.  00 

195. 

1 

1 

A;  91.66 

199. 

! 

\ 

DELTA  KB:  48.  09 

129. 

i 

MAX  C; 

< 

D; 

ROOT  MEAN  SQUARE 

10.  65 

7.  01 

PERCENT  ERROR 

LIFE  0.  0-0.  5 
PREDICTION  0.  5-0.  8 
RATIO  0.8-1.25 

SUMMARY  1.25-2.0 
(NP/NA>  >2.  0 


.V 


CONDITION/HT;  RA 

TITAN. 

FORM: 

YIELD  STRENGTH: 

ALLOY 

d  • 

SPECIMEN  TYPE; 

ULT.  STRENGTH; 

ORIENTATION 

SPECIMEN  THK: 

.  STRESS  RATIO; 

SPECIMEN  WIDTH: 

TI-eAL- 

;<.;FREQUENCY; 

REFERENCES.S1045 

eV-2SN 

■ 

TABLE  4.13.3.7 


FATIGUE  CRACK  GROWTH  RATES  AT  DEFINED  LEVELS 
OF  STRESS  INTENSITY  FACTOR 


MATERIAL:  TITANIUM 
CONDITION:  6T0A 
ENVIRONMENT:  R.  T. 


DATA  ASSOCIATED  WITH  FIGURE  4. 13. 3. VINDICATING  EFFECT 

OF  STRESS  RATIO 

TANIUM  TI-AAL-6V-2SN 

TOA 

R.  T.  .  HUMID  AIR 


DELTA  K 

DA/DN  (10**-6  IN.  /CYCLE) 

(K8I*IN**l/2) 

ABC 

R»+0.  10 

A;  8.  20 

.  39 

DELTA  K  B: 

MIN  C: 

D: 

9.  00 

.  525 

10.  00 

.  734 

13.  00 

1.  67 

16.  00 

3.  15 

20.  00 

5.  98 

25.  00 

10.  8 

30.  00 

16.  7 

35.  00 

23.  2 

40.  00 

29.  9 

50.  00 

42.  3 

A;  54.  31 

46.  9 

DELTA  K  B: 

MAX  C: 

D: 

ROOT  MEAN  SQUARE 
PERCENT  ERROR 


33.  44 


PREDICTION  0.  5-0.  8 
RATIO  0.8-1.25 

SUMMARY  1.25-2.0 
<NP/NA)  >2.  0 


4.13-28 


CONDITION/HT:  STOA 
FORM:  0.  13**TH  PLATE 

SPECIMEN  TYPE:  CCP 
ORIENTATION:  T-L 
FREQUENCY:  10.00  HZ 

ENVIRONMENT:  R.  T. .  HUMID  AIR 


YIELD  STRENGTH:  137.  4  KSI 
ULT.  STRENGTH:  143.0  KSI 
SPECIMEN  THK:  0.125" 
SPECIMEN  WIDTH:  5.  000" 
REFERENCES:909ei 


TABLE  4.13.3.8 


FATIGUE  CRACK  GROWTH  RATES  AT  DEFINED  LEVELS 
OF  STRESS  INTENSITY  FACTOR 

DATA  ASSOCIATED  WITH  FIGURE  4. 13. 3.8  INDICATING  EFFECT 

OF  ENVIRONMENT 


MATERIAL:  TITANIUM 

TI-6AL- 

-6V-28N 

CONDITION:  8T0A 

DELTA  K 

OA/DN  (10««-6  IN. /CYCLE) 

(KSI»IN»»l/2) 

A 

BCD 

E=  R.  T. 

E-  R.  T. 

H.  H.  A. 

3.  9X  NACL 

A:  9.  04 

.  526 

DELTA  K  B:  8.  98 

2.  50 

MIN  C: 

D: 

9.  00 

2.  48 

10.  00 

2.  98 

3.  14 

13.  00 

4.  48 

19.  0 

16.  00 

9.  34 

20.  8 

20.  00 

9.  03 

29.  2 

29.  00 

20.  9 

53.  7 

30.  00 

47.  9 

61.  1 

39.  00 

104. 

A:  39.  96 

140. 

DELTA  KB:  30.  00 

61.  1 

MAX  C; 

0: 

ROOT  MEAN  SQUARE 

12.  68 

8.  44 

PERCENT  ERROR 

LIFE 

PREDICTION 

RATIO 

SUMMARY 

(NP/NA> 


0.  0-0.  S 
0.  9-0.  8 
0.  8-1.  29 
1.  29-2.  O 
>2.  0 


4.13-30 


CONDITION/HT;  STOA 
FORM:  0.  38"TH  PLATE 

SPECIMEN  TYPE:  PTSF 
ORIENTATION  L-S 
STRESS  RATIO:  *ia.  10 
FREQUENCY:  10.00  HZ 


AK  (MPA  Vm) 

4  10  40  100 

I'M  f'I'l — I  '  I  T'TT 

ENVIRON.,1ENT:  R.  T.  , 

H.  H.  A. 


4  10  40  100 

I  '  Mi'i'i — I  '  I 

ENVIRONMENT: 


4  10  40  100 

AK  (KSI  >/Tn) 


YIELD  STRENGTH:  130.  0  KSI 
ULT.  STRENGTH:  167.2  KSI 
SPECIMEN  THK:  0.373-  0.374” 

SPECIMEN  WIDTH:  5.  000" 
REFERENCES:909ei 


AK  (MPA  y/m) 
4  10  4( 


:10° 

(D 

■ 

10^ 

:  10’ 

Itf* 

:  10  ^ 

10'‘ 

:  10  ^ 

10^ 

:  '0^ 

10* 

:  10^ 

10'^ 

Sio* 

10‘ 

R 

:  10° 

® 

- 

10* 

:  10' 

lor’ 

:  10^ 

10^ 

:  10  ^ 

10® 

: 

10* 

:  ’0* 

10’^ 

:  10® 

10'* 

Figure  4. 

13.3. 

4.13- 

31 

ENVIRONMENT:  R.  T 
3.  5X  NACL 


4  10 

I  '  I  '  I'MI — 

ENVIRONMENT: 


4  10  < 

AK  (KSI  >/Tn) 


TITAN. 

ALLOY 


TI-6AL- 

6V-2SN 


TABLE  4.13.3.9 


FATIOUE  CRACK  GROWTH  RATES  AT  DEFINED  LEVELS 
OF  STRESS  INTENSITY  FACTOR 

DATA  ASSOCIATED  WITH  FIGURE  4.13.3.9  INDICATING  EFFECT 


OF  ENVIRONMENT 


MATERIAL:  TITANIUM 
CONDITION:  STOA 

TI-6AL-6V-28N 

DELTA  K 

DA/DN  (10»«>6  IN. /CYCLE) 

(KSI*IN««l/2) 

A  B  C  0 

E-  R.  T. 

H.  H.  A. 

A:  a.  70 

.  824 

DELTA  K  B: 

MIN  C: 

0: 

9.  00 

1.  01 

10.  00 

1.  73 

13.  00 

4.  16 

16.  00 

6.  48 

20.  00 

10.  2 

29.  00 

20.  7 

30.  00 

93.  0 

A:  34. 23 

139. 

DELTA  K  B: 

MAX  C: 

D: 

ROOT  MEAN  SQUARE 

16.  00 

PERCENT  ERROR 

LIFE  0.  0-0.  9 
PREDICTION  0.  9-0.  8 
RATIO  0.  8-1.  29 
SUMMARY  1.89-2.0 
(NP/NA)  >2.  0 


*  i  ■' 


4.13-32 


1 

1 


CONDITION/HT:  STOA 
FORM:  B.38”TH  PLATE 

SPECIMEN  TYPE:  PTSF 
ORIENTATION-  L-S 
STRESS  RATIO:  *^0.  10 
FREQUENCY:  0.  10  HZ 


YIELD  STRENGTH:  130.0  KSI 
ULT.  STRENGTH:  107.2  KSI 
SPECIMEN  THK :  0.  372 " 
SPECIMEN  WIDTH:  5.  000" 
REFERENCES;O0O81 


TITAN. 

ALLOY 


TI-6AL- 

6V-2SN 


TABLE  4.13.3.10 


FATtOUE  CRACK  OROUTH  RATES  AT  DEFINED  LEVELS 
OF  STRESS  INTENSITY  FACTOR 


DATA  ASSOCIATED  WITH  FIOURE  4.13.3.10XNDICATINO  EFFECT 


OF  STRESS  RATIO 


MATERIAL:  TITANIUM 
CONDITION:  STOA 
ENVIRONMENT:  R.  T. 

T1"4AL 

.  H.  H.  A. 

-4V-28N 

DELTA  K 
<K8Z*IN4Ml/8) 

DA/DN  <10«4^4  IN. /CYCLE) 

A 

BCD 

R*>0.  10 

R-40.  90 

A:  S.  AO 

.  937 

DELTA  KB:  8.  TO 

MIN  C: 

0: 

1.3B 

T.  00 

.  470 

1.  49 

10.  00 

1.  19 

a.  47 

la.oo 

4.83 

11.  7 

14.  00 

14.7 

31.  4 

ao.  00 

41.  4 

43.  9 

as.  00 

88.0 

30.00 

Ilf. 

A:  33.  13 

laa. 

DELTA  K  B;  88.  70 
MAX  C: 

0: 

79.  8 

ROOT  MEAN  BOUARE 
FERCENT  ERROR 

49.  83 

34.  19 

LIFE  0.  0-0.  9 
FREOZCTION  0.  S-0.  B 

RATIO  0.  f-i.  as 
suHHARv  1.  as-a.  0 

<NF/NA)  >a.  0 


4.13-34 


TABLE  4.13.3.11 


s 

s 


MATERIAL;  TITANIUM 
CONDITION:  8TOA 


FATIGUE  CRACK  GROWTH  RATES  AT  DEFINED  LEVELS 
OF  STRESS  INTENSITY  FACTOR 

DATA  ASSOCIATED  WITH  FIGURE  4. 13.3. IIINDICATING  EFFECT 

OF  ENVIRONMENT 
TI-4iAL-6V-2SN 


DELTA  K 
<K8I*IN*«i/2) 


DA/DN  <10**-A  IN.  /CYCLE) 
B  C 


DELTA  K  B 
MIN  C 
0 


9.  26 


E-  R.  T. 
3.  9%  NACL 

1.  28 


% 

lO.  00 

1,  49 

s 

V 

13.  00 

6.  18 

16.  00 

27.  2 

> 

20.  00 

92.  1 

j 

29.  00 

189. 

30.  00 

282. 

• 

39.  00 

423. 

t 

40.  00 

689. 

t 

A: 

49.  89 

2081. 

i 

DELTA  K  B: 

i 

MAX  C: 

s 

.*> 

• 

4  , 

D; 

« 

ROOT  MEAN 

SQUARE 

32.  03 

PERCENT  ERROR 


LIFE 

PREDICTION 

RATIO 

SUMMARY 

(NP/NA) 


0.  0-0.  9 
0.  9-0.  8 
0.  8-1.  29 
1.  29-2.  0 
>2.  0 


4.13-36 


CONDITION/HT:  STQA 
FORM;  0.  30"TH  PLATE 
SPECIMEN  TYPE:  PTSF 
ORIENTATION  T-S 
STRECw  RATIO;  -*-0.  10 
FREQUENCY  1.00  HZ 


ENVIRONMENT;  R. 
3.  SX  NACL 


YIELD  STRENGTH:  158.  5  KSI 
ULT  STRENGTH:  187.  8  KSI 
SPECIMEN  THK  0.375" 
SPECIMEN  WIDTH:  5.  000" 
REFERENCES;g0981 


AK  (MPA  v/m) 

4  10  40  100 


4  10  40  100 

i-n'nm — i"'  i  'I'l'i 

ENVIRONMENT; 


4  10  40  100 

AK  (KSI  V^n) 


AK  (MPA  v/iri) 

4  10  40  100 


10° 

(D 

10  ’ 

10' 

10'^ 

10 

10  ^ 

10  ‘ 

10“ 

10’ 

10  = 

io' 

10® 

10 

io" 

4  10  40  100 

-r-r-pTnpr) - r-r-TTW 

ENVIRONMENT: 


Figure  4.13.3.11 
4.13-37 


4  10  40  100 

AK  (KSI  -s/m) 


TITAN. 

ALLOY 


TI-6AL- 

8V-2SN 


4  ,  »  4  *  'm  • 


v> 


TABLE  4.13.3.12 


FATIGUE  CRACK  GROWTH  RATES  AT  DEFINED  LEVELS 
OF  STRESS  INTENSITY  FACTOR 

DATA  ASSOCIATED  WITH  FIGURE  4. 13.3. 12INDICATINO  EFFECT 


OF  STRESS  RATIO 


ROOT  MEAN  SQUARE 

16.  17 

19.  45 

PERCENT  ERROR 

0-0  5 
PREDICTION  O.  9-0.  9 
RATIO  0.  8-l  ,2S 
SUMMARY  1.25-2  0 
(NP/NA)  >2  O 


4.13-38 


AK  (KSI  V^) 


AK  (KSI  \/Tn) 


Figure  4.13.3.12 


4.13-39 


TABLE  4.13.3.13 


FATIOUE  CRACK  GROWTH  RATES  AT  DEFINED  LEVELS 
OF  STRESS  INTENSITY  FACTOR 

DATA  ASSOCIATED  WITH  FIGURE  4 . 13. 3. 13INDICATINO  EFFECT 

OF  ENVIRONHENT 


MATERIAL:  TITANIUM 
CONDITION;  6TOA 


TI-AAL-6V-28N 


DELTA  K 
(K8I»IN*«l/2) 


DELTA  K  B 
MIN  C 
D 


DA/DN  IN.  /CYCLE) 


8.  30 


9.  00 
10.  00 
13.  00 
16.  00 
20.  00 


E«  R.  T. 
3.  Sy.  NACL 

1.  38 


1.  71 

2.  33 
6.  07 

13.  3 
30.  1 


DELTA  K  B 
MAX  C 
D 


23.  43 


48.  2 


ROOT  MEAN  SQUARE 
PERCENT  ERROR 


15.  51 


LIFE  0.  0-0  5 
PREDICTION  0.  5-0.  8 
RATIO  0.  e-1.25 
SUMMARY  1.23-2.0 
(NP/NA)  >2.  0 


4.13-40 


'  ' y\* '  *’•  •*' 


CONDITION/HT:  STOA 
FORM:  0.  3e"TH  PLATE 

SPECIMEN  TYPE:  CCP 
ORIENTATION  T-L 
..  STRESS  RATIO:  ■►0.  10 
•.  /•FREQUENCY:  0.  10  HZ 


YIELD  STRENGTH:  100.  3  KSl 
ULT.  STRENGTH:  107.  8  KSI 
SPECIMEN  THK:  0.375" 
SPECIMEN  WIDTH:  5.  000" 
REFERENCES:809ei 


AK  (MPA  v/m) 


AK  (MPA  y/m) 

4  10  40  100 


^•2 


10 


v-3 


10 


.-4 


,-5 


10 


10 


.-7 


10 


10' 


10 


lO'- 


10 


10' 


10 


10' 


10' 


1  TTT 

— 

____ 

— 

— 

IB 

— 

Bl 

— 

- 

— 

— 

1  ■  1  ■  l.li 

_ j _ L  ,  .1  l  li  ll 

— 

10  40  100 


-  r  '  1  TPi — 1  '  1  'I'i'i  ^ 

-  ENVIRONMENT:  — 

— 

— 

— 

— 

— 

IB 

— 

IB 

1-L..J  Jjjjb 

bm 

— 

1  4  10  40  100 

AK  (KSI  -v/Tn) 


Figure  4.13.3.13 


TABLE  4.13.3.14 


fatigue  crack  growth  rates  at  defined  levels 

OF  STRESS  INTENSITY  FACTOR 

DATA  ASSOCIATED  WITH  FIOURE4. 13. 3.14  INDICATING  EFFECT 


OF  ENVIRONMENT 


MATERIAL:  TITANIUM 
CONDITION;  STOA 


TI-6AL-6V-2SN 


DELTA  K 


DELTA  K  B 
MIN  C 
D 


DELTA  K  B 
MAX  C 
D 


DA/DN  (10««-6 

IN.  /CYCLE) 

/2) 

A 

B 

C 

D 

E«  R.  T. 

E-  R.  T. 

cc 

II 

lil 

E»  R.  T. 

H.  H.  A. 

3.  5%  NACL 

H.  H.  A. 

3.  5%  NACl 

IHZ 

iHZ 

20HZ 

20HZ 

7.  66 

6.  57 

4.  47 

4.  61 

.  602 

.  540 

.  0681 

.  174 

5.  00 

.  lie 

.  231 

6.  00 

.  240 

.  469 

7.  00 

.  634 

.  419 

.  869 

6.  00 

.  652 

1.  01 

715 

1.  45 

9.  00 

1.  08 

1.  60 

1.  17 

2.  21 

10.  00 

1. 64 

2.  35 

1.  76 

3.  13 

13.  00 

4.  12 

5.  51 

4.  20 

6.  72 

16.  00 

7.  84 

12.  8 

7.  53 

11.  4 

20.  00 

15.  1 

38.  4 

13.  4 

19.  3 

25.  00 

29.  4 

85.  1 

24.  3 

32.  8 

30.  00 

52.  4 

150. 

41.  2 

51.  9 

35.  00 

89.  5 

264. 

68.  5 

79.  2 

40.  00 

149. 

505. 

113. 

50.  00 

396. 

2561 

60.  00 

1011. 

63.  06 
34.  97 
45.  10 
39.  72 

1341. 

6717. 

187 

116. 

ROOT  MEAN  SQUARE 
PERCENT  ERROR 


14.  47 


17.  12 


9.  46 


12.  46 


LIFE 

PREDICTION 

RATIO 

SUMMARY 

<NP/NA) 


0.  0-0.  5 
0.  5-0.  8 
0.  B-1.  25 
1 . 25-2.  0 
>2.  0 


A. 13-42 


CONDITION/HT:  STOA 
FORM:  0.  63  "TH  PLATE 

SPECIMEN  TYPE:  CT 
ORIENTATION-  L-T 
STRESS  RATIO:  ♦O.  10 
;'^afrequency: 


YIELD  STRENGTH:  160.  0  KSI 
ULT.  STRENGTH:  170.0  KSI 
SPECIMEN  THK:  0.148**  0.151' 

SPECIMEN  WIDTH:  3.000" 
REFERENCES:86e44 


^VI^RONMENT:  R.  T. , 
^  X  H  Z 


i  10^ 


I  10'* 


4  10  40  100 

- 1„' J  M'l'l 

HZ  •  ' 


1  10'^ 

V 

2  -5 

-o 


10° 

KB) 

10^ 

1 

10’ 
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10'^ 

10'^ 

10'^ 

10® 

10'^ 

10* 
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10'^ 

10® 

10'® 

10° 

® 

10* 

10’ 

10° 

10'* 

10^ 

10® 

10® 

lor^ 

10® 

10* 

10'^ 

10° 

ENVIRONMENT.  R. 
3.  5X  NACL,  1  HZ 


4  10  4 

I  '  I '  i‘i‘i  rrr 


TITAN. 

ALLOY 


TI-GAL- 

6V-2SN 


10'^  ^ 
•D 


10'^  -j 


10'^  1 
•o 


4  10  40 

AK  (KSI  >/m) 


4  10  - 

AK  (KSI  \/Tn) 


Figure  4.13.3.14 
4.13-43 


TABLE  4.13.3.15 


K  MAX 

(KSI*IN#*J/2> 


E=  R.  T. 

3.  Sy.  NACL 


DA/DT  (10«»-3  IN/HOUR) 


E-  R.  T. 
JP-4  FUEL 


A 

K  MAX  B 
MIN  C 


200.  00 


K  MAX  B: 


ROOT  MEAN  SQUARE 
PERCENT  ERROR 


0.  00 


0.  00 


4.13-44 


:•) 


CONDITION/HT;  1300F  2HR 
FORM:  2.0"TH  FORGING 

SPECIMEN  TYPE:  TDCB 
ORIENTATION'.L-T 
YIELD  STRENGTH:  146.0  KSI 
ULT.  STRENGTH: 


SPECIMEN  THK:  1.  250" 
SPECIMEN  WIDTH:  5.  500*' 
CRACK  LENGTH  (An): 

Kiscc:  32.00  KSI  <SQRT  IN> 

REFERENCES:843e0 


TITAN. 

ALLOY 


K  max  (MPA  y/w) 
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Figure  4.13.3.15 
4.13-45 
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4.16-3 


•NOTE-  NET  SECTION  STRESS  EXCEEDS  BOX  OF  YIELD  8TREN0TH  VALUE  NOT  INCLUDED  IN  MEAN  DR  STD. 


TABLE  4.16.3.1 


FATIGUE  CRACK  GROWTH  RATES  AT  DEFINED  LEVELS 
OF  STRESS  INTENSITY  FACTOR 

DATA  ASSOCIATED  WITH  FIGURE  4. 16.  3. 1  INDICATING  EFFECT 

OF  STRESS  RATIO 


MATERIAL:  TITANIUM  T 

CONDITION; 

ENVIRONMENT:  R.  T.  .  LAB  AIR 


TI-8AL-1M0-IV 


DELTA  K 

DA/DN  (10#*-6  IN.  /CYCLE) 

(K8I«IN«*l/2) 

ABC 

R-+0.  02 

A 

6.  38 

.  621 

DELTA  K  B 

MIN  C 

D 

7.  00 

.  824 

8.  00 

1.  22 

9.  00 

1.  70 

10.  00 

2.  28 

13.  00 

4.  56 

16.  00 

7.  75 

20.  00 

13.  5 

25.  00 

23.  6 

30.  00 

37.  3 

35.  00 

55.  4 

40.  00 

78.  7 

50.  00 

144. 

60.  00 

243. 

70.  00 

387. 

80.  00 

589. 

90.  00 

867. 

100.  00 

1243. 

A 

lie.  36 

22S1. 

DELTA  K  B 

ROOT  MEAN  SQUARE 
PERCENT  ERROR 


34.  16 


PREDICTION  0.  5-0,  8 
RATIO  0.8-1.25 

SUMMARY  1.25-2.0 
(NP/NA)  >2  0 


4.16-4 


CONDITION/HT: 

FORM:  0.  05"TH  SHEET 

SPECIMEN  TYPE:  CCP 
ORIENTATION:  L-T 
FREQUENCY:  0.10-  12.00  HZ 

•Jv ENVIRONMENT:  R.  T.  ,  LAB  AIR 


AK  <MPA  y/m) 

4  10  40  100 


STRESS  RATIO  =  •►B.  02 


4  10  40  100 


YIELD  STRENGTH:  1 19.  5  KSI 
ULT.  STRENGTH:  134.0  KSI 
SPECIMEN  THK:  0.  050" 
SPECIMEN  WIDTH:  6.000" 
REFERENCES14A011 


AK  (MPA  v/m) 
4  10  4( 


10° 

(D 

10’ 

id’ 

10  * 

Iff- 

10-^ 

Id' 

10'^ 

10' 

10'* 

id‘ 

10® 

10 

Id' 

4  10  40  100 

AK  (KSI  v/Tn) 


4  10 

I  "  '■  I '  fFi — r 

STRESS  RATIO  = 


4  10  - 

AK  (KSI  v/m) 


Figure  4.16.3.1 
4.16-5 


TITAN. 

ALLOY 


TI-8AL- 

IMO-IV 


TABLE  4.16.3.2 


FATIGUE  CRACK  GROWTH  RATES  AT  DEFINED  LEVELS 
OF  STRESS  INTENSITY  FACTOR 

DATA  ASSOCIATED  WITH  FIGURE  4. 16.  3. 2  INDICATING  EFFECT 


OF  STRESS  RATIO 


MATERIAL: 

TITANIUM 

T I -SAL- 1 MO- IV 

CONDITION 

DA 

ENVIRONMENT:  R.  T. 

.LAB  AIR 

DELTA  K 

DA/DN  <10**-6  IN. /CYCLE) 

(KSI*IN<HH/2) 

A  B  C  D 

R-+0.  10 

A 

17.  97 

5.  41 

delta  K  B 

MZN  C 

D 

20.  00 

7.  59 

25.  00 

10.  5 

30.  00 

14.  1 

35.  00 

24.  9 

AO.  00 

60.  4 

50.  00 

246. 

60.  00 

787. 

A 

62.  14 

1256. 

DELTA  K  B 

MAX  C 

D 

ROOT  MEAN 

SQUARE 

12.  44 

PERCENT  ERROR 

LIFE  0.  0-0,  5 
PREDICTION  0.  5-0  8 

RATIO  0.8-1,25  2 

SUMMARY  1 . 25-2,  0 
(NP/NA)  >2,  0 


CONOITION/HT:  DA 
FORM:  0.  05*’TH  SHEET 

SPECIMEN  TYPE:  CCP 
ORIENTATION:  L-T 

<  FREQUENCY:  1.  00-  30.  00  HZ 

:•*.  ENVIRONMENT:  R.  T.  ,  LAB  AIR 


YIELD  STRENGTH:  136.  3  KSI 
ULT.  STRENGTH:  150.  7  KSI 
SPECIMEN  THK:  0.  050" 
SPECIMEN  WIDTH:  20.000" 
REFERENCES8609g 


TITAN. 

ALLOY 


AK  (MPA  >/m) 

4  10  40  100 


10 


10' 


y  10* 


2  5 

u 


«> 


10 


10' 


10 


b  1  '  1'  I'TT 

— 1  '  1  '  1  'TT 

_  STRESS  RATIO  =  -^0.  00 

m 

a 

— 

a 

— 

rr 

— 

— 

-= 

"  1  ■  1  >  l.til 

_  J _ i  1  t-iiiiJ 
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©E 
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40  100 


10  tr 


lO"' 


S'  10* 


Z  5 
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10 
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1  1  1  1  1  1  1  1 
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10 
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10" 
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10' 


10 


— Jior^ 


10 


rS 


10 


,-6 


4  10  40  100 

AK  (KSI  v/Tn) 


AK  (MPA  v/m) 


10 


TI-0AL- 

IMO-IV 


10’’ 


10 


-2  _ 

Si 

u 

u 

3  e 


10 


10^  I 

T5 


,■5 


10' 


10' 


10 


10'^  « 

U 

>. 
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10 


3  E 


10'^  ? 
■D 


10 


10' 
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AK  (KSI  V^n) 


Fiqure  4.16.3.3 


4.16-9 


TABLE  4.16.3.4 


FATIGUE  CRACK  GROWTH  RATES  AT  DEFINED  LEVELS 
OF  STRESS  INTENSITY  FACTOR 

DATA  ASSOCIATED  WITH  FIGURE  4.16. 3.4  INDICATING  EFFECT 

OF  STRESS  RATIO 


MATERIAL:  TITANIUM  TI-8AL-1M0-1V 

CONDITION:  DA 

ENVIRONMENT:  R.  T.  .  LAB  AIR 


DELTA  K 

DA/DN  (10«*-6 

IN.  /CYCLE) 

(K8I«IN**l/2) 

A 

B 

C 

D 

R-+0.  00 

R-t-0.  25 

Ra+0. 43 

R— *-0.  67 

A:  37.  15 

28.  2 

DELTA  KB:  22.  28 

13.  3 

MIN  C:  14.  82 

6.  14 

D:  7.  48 

.  598 

8.  00 

.  860 

9.  00 

1.  48 

10.  00 

2.  22 

13.  00 

5.  13 

16.  00 

7.  88 

10.  2 

20.  00 

13.  3 

25.  00 

15.  6 

21.  1 

30.  00 

24.  6 

35.  00 

39.  8 

40.  00 

32.  8 

60.  8 

50.  00 

67.  2 

A:  56.  83 

95.  6 

delta  KB;  41.  40 

67.  5 

MAX  C:  28  99 

32.  5 

D;  18.  26 

17.  6 

ROOT  MEAN  SQUARE 

16.  65 

12.  77 

9.  57 

19.  18 

PERCENT  ERROR 

LIFE 

PREDICTION 

RATIO 

SUMMARY 

(NP/NA) 


0.  0-0.  S 
0.  S-0.  S 
0.  8-1.  25 
1.  25-2  0 

>2.  0 


3 

1 


3 

1 


4.16-10 


CONDITION/HT:  DA 
FORM:  0.  05  "TH  SHEET 

SPECIMEN  TYPE:  CCP 
ORIENTATION:  L-T 

.  FREQUENCY:  1.00-  30.00  HZ 

/.  ENVIRONMENT:  R.  T.  .  LAB  AIR 


AK  (MPA  v'm) 


YIELD  STRENGTH:  133.  7-  130.3  KSl 
ULT.  STRENGTH:  150.7-  152.  1  KSl 
SPECIMEN  THK:  0.050" 

SPECIMEN  WIDTH:  2.  000-  7.  892" 

REFERENCESS6099 


AK  (MPA  v/m) 


STRESS  RATIO  *  ♦B.  25 


1U 

10* 

10* 

io' 

10  6 

10-* 

10° 

® 

10* 

10’ 

10* 

10* 

10* 

10* 

10* 

lO"* 

STRESS  RATIO  *  ^n.  a? 


TITAN. 

ALLOY 


TI-8AL- 

IMO-IV 


10'^  j; 


z 

^  "O 

10  « 
■D 


10'^  ^ 


z 

^  V 

10  "is 

■o 


TABLE  4.16. 3. S 


FATieUE  CRACK  OROWTH  RATES  AT  DEFINED  LEVELS 
OF  STRESS  INTENSITY  FACTOR 

DATA  ASSOCIATED  WITH  FIOURE  4.16. 3. 5 jnoICATINC  EFFECT 


OF  STRESS  RATIO 


MATERIAL: 

TITANIUM 

TI-8AL-1M0-1V 

CONDITION. 

HA 

ENVIRONMENT:  R.  T. 

.LAB  AIR 

DELTA  K 

DA/ON  (10#«-A  IN. /CYCLE) 

(K8I«IN*«l/3> 

A  B  C  0 

R-<*>0.  10 

A 

19.  10 

6.  A3 

DELTA  K  B 

MIN  C 

D 

20.  00 

7.  47 

39.  00 

10.  2 

30.  00 

34.  4 

39.  00 

94.  3 

A 

39.  00 

•7.  0 

DELTA  K  B 

MAX  C 

D 

ROOT  MEAN 

SaUARE 

3S.  77 

PERCENT  ERROR 

LIFE  0.  0-0.  9 
PREDICTION  0.  9-0.  S  1 

RATIO  0,0-1.30  1 

SUMMARY  1.39-2.0 
<NP/NA)  >2.0 


4.16-12 


'AV.*A.Wji'V 


/ 


OONOmON/HT:  MA 
FOAM;  ■.B2"TH  SHCCT 
SPtCIMIN  TYPI;  CCF 
ORIINTATION;  L-T 
FMQUeNCY:  41.00  HZ 

INVI0ONMINT;  0.  T. ,  LA0  A10 


AK  (MFA 


•TME0S  RATIO  •  ♦0.  10 


VllLOtTRINOTH;  104.0  KtX 
ULT.  tTRINOTH;  100.2  K0! 
•PICIMiNTHK.  0.010** 
•PfCIMEN  WIDTH;  1.  000" 


4K  (MPA 


•TRIES  RATIO  • 


•TRIII  RATIO 


AK  (All  v/Tn) 

rlijui  t)  4,  If.,  I.  *. 

AK  (Kll  v/lA) 

4,  If.-l  1 

TITAN. 

ALLOY 


TI-0AL- 

IMO-IV 


10® 

10  ' 
in  * 


TABLE  4.16.3.6 


FATIOUE  CRACK  GROWTH  RATES  AT  DEFINED  LEVELS 
OF  STRESS  INTENSITY  FACTOR 

DATA  ASSOCIATED  WITH  FIOURE  4.16.3.6 INDICATINO  EFFECT 


OF  STRESS  RATIO 


NATIRIAL:  TITANIUH  TI-SAL-lHO-iV 

CONDITION:  1829F  IHR  AC.  1350F  2HRS  AC 

CNVIRONFWNT;  R.  T.  .LAB  AIR 

DELTA  K 
(KSl«lN**l/2) 

A 

OA/DN  <10«*-4 

B 

IN.  /CYCLE) 

C 

0 

R-t>0.  00 

R-4>0.  04 

R-+0.  94 

A 

DELTA  K  B 
HtN  C 
D 

13.  90 
A.  37 
10.  39 

3.  14 

.  0417 

2.  48 

7.  00 

0.  00 
f.  00 
10.  00 

13.  00 

14.  00 
30.  00 

29.  00 

30.  00 

3.  B4 
10.  4 

33.  3 

79.  3 

.  0911 
.  214 
.  379 
.  9S1 

1.  40 

4.  93 

6.  43 

19.  0 

A 

DELTA  K  S 
NAX  C 
D 

31.  31 
19.  44 

14.  74 

107. 

38.  4 

21.  9 

ROOT  HEAN  SOUARE 
PERCENT  ERROR 

17.  10 

20.  40 

11.  19 

LIFE  0. 0-0  D 

PREDICTION  0.  9-0  S 

RATIO  0.  S-1  39 

BUNNARY  1.29-3.0 
(NF/NA)  >2  0 


CONDITION/HT:  1825F  IHR  AC,  1350F  2HRS  AC 

FORM;  2.  50"TH  FAN  BLADES  YIELD  STRENGTH:  120.  0  KSI 

.  SPECIMEN  TYPE:  KB  BAR  ULT.  STRENGTH: 

•>,  ORIENTATION:  L-T  SPECIMEN  THK:  0.  2S1-  0.  253" 


FREQUENCY: 

ENVIRONMENT: 


0.33  HZ 
R.  T.  .  LAB  AIR 


AK  (MPA  v/m) 


STFESS  RATIO  =  00 


4  10  40  100 

Ml  '  I'I'I - 1  '  I  M'l'l 

STRESS  RATIO  =  ♦B.  54 


4  10  40  100 

AK  (KSI  v/Tn) 


SPECIMEN  WIDTH:  0.  750" 
REFERENCESGE006 


AK  (MPA  <v/rn) 


STRESS  RATIO  =  ^0.  04 


TITAN. 

ALLOY 


TI-0AL- 

IMO-IV 


10 

10° 

® 

10' 

10’ 

10' 

10'^ 

10 ' 

10’^ 

10'' 

10'^ 

10* 

10* 

lo’ 

10'® 

10* 

4  10  40 

“I"  '■  r'  I'I'I — 

STRESS  RATIO  = 


F'igure  4.16.3.6 
4.16-15 


4  10  40  100 

AK  (KSI  v/7n) 


10'^  ^ 


2 
.  "D 
10  m 
*0 


10'^  V 


10-^1 

z 

^  T3 
10^  « 


TABLE  4.16.3.7 


FATIGUE  CRACK  GROWTH  RATES  AT  DEFINED  LEVELS 
OF  STRESS  INTENSITY  FACTOR 

DATA  ASSOCIATED  WITH  FIGURE  4. 16. 3. 7  INDICATING  EFFECT 

OF  ENVIRONMENT 


MATERIAL:  TITANIUM  TI-8AL-1MO-1V 

CONDITION:  1830F  IHR  WQ,  HOOF  8HRS  AC 


DELTA 

K 

OA/DN  (10««-6 

IN.  /CYCLE) 

(K8X*IN««l/2> 

A 

B 

C 

E*  R.  T. 

E— *■  8O0F 

LAB  AIR 

AIR 

A: 

4.  09 

.  0338 

DELTA 

K 

B: 

5.  78 

.  455 

MIN 

C: 

0: 

5.  00 

.  107 

h,  00 

.  200 

.  450 

7.  00 

.  355 

.  484 

8.  00 

.  598 

.  591 

9.  00 

.  967 

769 

10.  00 

1.  50 

1.  03 

13.  00 

4.  70 

2.  51 

16.  00 

5.  52 

A: 

15.  89 

11.  5 

DELTA 

K 

B: 

19.  11 

10.  7 

ROOT  MEAN  SQUARE 
PERCENT  ERROR 


PREDICTION  0.  5-0.  8 
RATIO  0.  8-1.2S 
SUMMARY  1 .  25-2.  O 
(NP/NA)  >2.  0 


4.16-16 


TABLE  4.16.3.8 


MATERIAL:  TITANIUM 
CONDITION; 


SUSTAINED  CRACK  GROWTH  RATES  AT  DEFINED  LEVELS 
OF  STRESS  INTENSITY  FACTOR 

DATA  ASSOCIATED  WITH  FIGURE  4. 16, 3.8  INDICATING  EFFECT 

OF  ENVIRONMENT 


TANIUM  T I -SAL- 1 MO- IV 


A: 

K  MAX  B : 
MIN  C; 


E« 

DRV  CCL4 


28.  00 
29.  50 


DA/DT  (10**-3  IN/HOUR) 
B  C 

E« 

WATER  SAT  CCL4 

855. 


K  MAX  B: 


30.  00 

751. 

896. 

35.  00 

1259. 

1149. 

40.  00 

1854. 

1358. 

50.  00 

3149. 

2767. 

60.  -.'0 

4395. 

5272 

7C  v»0 

5470. 

o  o 

5887. 

6317 

ROOT  MEAN  SQUARE 
PERCENT  ERROR 


19.  90 


19.  48 


4.16-18 


CONDITION/HT; 

FORM: 

SPECIMEN  TYPE:  SENT 
ORIENTATION. 

YIELD  STRENGTH: 

ULT.  STRENGTH: 


SPECIMEN  THK: 
SPECIMEN  WIDTH: 
CRACK  LENGTH  (Aq): 
Kiscc^ 

REFERENCES:e2651 


TITAN. 

ALLOY 


TI-8AL- 

IMO-IV 


K  max  (MPA  y/m) 

4  10  40  100 

I  '  I  M-n - 1  '  I  'I'I'I 

ENVIRONMENT: 

DRY  CCL4 


4  10  40  100 

I  '  I ' I'Mi — r—n^Tw 

ENVIRONMENT: 


10* 

10* 

10* 

10' 

10* 

10* 

10' 

10-' 

10“ 

10-* 

10-' 

io-» 

io-» 

10-* 

|io* 

® 

4  10  40  100 

^ max  (^Sl  ■\/Tn 


K  max  (MPA  \/rn) 

4  10  40  100 


ENVIRONMENT: 
WATER  SAT  CCL4 


•D 

100 


4  10  40  100 


10» 


■ 

■ 


•o 

10*  ^ 


4  10  40 

Kmax  (*<SI  V^) 


Figure  4.16.3.8 
4. 16-19 


TABLE  4.16.3.9 


i 


SUSTAINED  CRACK  GROWTH  RATES  AT  DEFINED  LEVELS 
OF  STRESS  INTENSITY  FACTOR 


DATA  ASSOCIATED  WITH  FIGURE  4. 16.  3.9  INDICATING  EFFECT 

OF  ENVIRONMENT 


MATERIAL;  TITANIUM 
CONDITION; 


T I -SAL- I MO- IV 


CONDITION/HT: 

FORM: 

SPECIMEN  TYPE;  SENT 
ORIENTATION: 

.  YIELD  STRENGTH: 
vX-ULT  STRENGTH; 


SPECIMEN  THK: 
SPECIMEN  WIDTH: 
CRACK  LENGTH  (Aq) 
KiSCC- 

REFERENCES;e2851 


K  max  (MPA  V^) 

4  10  40  100 

I  '  I  '  I'I'I - !  '  I  'I'FT 

ENVIRONMENT: 

□RY  CH2CL2 


4  10  40  100 

I  •'  I  '  FPI - 1  f  I  'PIT 


4  10  40  100 

^  max  (I^SI  v/Tn) 


10* 

vs/ 

10> 

10’ 

10* 

10’ 

10’ 

10® 

100 

10-’ 

10-’ 

10-’ 

10-* 

10-® 

10* 

10** 

® 

10’ 

10’ 

10» 

10’ 

10’ 

10® 

io« 

10’ 

10-’ 

10-’ 

10-’ 

10-’ 

10-* 

K  max  (MPA  \/m) 
4  10  40 

I  '  rT'in — 

ENVIRONMENT; 

WATER  SAT  CH2CL2 


1  4  10  40 

t=  I  '  I  '  I'PI  "I  ■'  1  ^ 

-  ENVIRONMENT; 


Figure  4,16.3.9 
4.16-21 


4  10  40 

^  max  (*^SI  v/Tn) 


TITAN. 

ALLOY 


TI-0AL 

IMO-IV 


TABLE  4.16.3.10 


SUSTAINED  CRACK  GROWTH  RATES  AT  DEFINED  LEVELS 
OF  STRESS  INTENSITY  FACTOR 

DATA  ASSOCIATED  WITH  FIGURE  4. 16. 3 . IOindiCATING  EFFECT 

OF  ENVIRONMENT 


MATERIAL:  TITANIUM 
CONDITION: 


TI-SAL-IMO-IV 


K  MAX 

<KSI*IN*»l/2) 


DA/DT  (10**-3  IN/HOUR) 
B  C 


E= 

3.  5*/.  NACL 


K  MAX 
MIN 


200.  00 


K  MAX 
MAX 


ROOT  MEAN  SQUARE 
PERCENT  ERROR 


0.  00 


4.16-22 


a 

,s 

CONDITION/HT; 

a'* 

FORM:  0.  1"TH 

SHEET 

SPECIMEN  TYPE:  SENT 

% 

Jh 

ORIENTATION. 

•-5 

YIELD  STRENGTH; 

150.  0 

i 

•  *•’  ULT.  STRENGTH: 

'.j 

SPECIMEN  THK:  0.125" 
SPECIMEN  WIDTH:  3.000" 
CRACK  LENGTH  (Aq). 

Kiscc:  22.  00  KSI  (SQRT  IN) 

REFERENCES:77458 


TITAN. 

ALLOY 


K  max  (MPA  v7n) 

4  10  40  100 


K  max  (MPA  VTn) 

4  10  40  100 


10» 


10’ 


|io» 


I’O- 

■D 


•  • 

io-» 

s' 

Ici 

10-* 

s' 

.  « 

s’ 

lO-* 

10* 


10' 


olO® 

£ 


.10- 


10-» 


10- 


.v-  10-- 

NV 


=  1  1 1 1  I'll — r  ''iTTr 

— 

lO'  ® 

10* 

10* 

b  1  ■'TPri - 1  '  1  'MFI 

^  ENVIRONMENT; 

r 

— 

ts 

D 

□ 

CD 

— 

1 

— 

- 

(D 

ts 

10* 

— 

— 

mo 

— 

1 

10’ 

— 

— 

- 

— 

iw 

10“ 

— 

— 

— 

— 

— 

— 

— 

10- 

— 

— 

— 

lO-a 

— 

“  — 

— 

“  — 

- 

10-* 

— 

-= 

^  1  ■  1  .  Ml 

_ 1  ■  1  .  Iiti 

— 

10-“ 

1  .  i .  i.ii 

_ 1 _ 1 _ 1 1 1 1  ll 

— 

1  4  10  40  100 

4  10  40  100 

t  1  '  1  '  I'I'I 

1  '  1  MM'I 

=  1  '  1  'I'I'I 

1  '  1  'I'I'I 

H  ENVIRONMENT; 

-d 

... 

10“  vB; 

-  ENVIRONMENT: 

— 

10* 

— 

- 

— 

10* 

- 

— 

— 

in* 

— 

- 

10* 

— 

— 

— 

— 

— 

mo 

10’ 

— 

* 

— 

— 

— 

lU 

— 

— 

1  — 

— 

10“ 

— 

— 

— 

— 

, 

— 

lU  • 

— 

“  — 

-  — 

— 

10-’ 

— 

— 

— 

10* 

- 

1  — 

— 

f— 

- 

— 

10-* 

- 

— 

— 

“ 

- 1 — i_|.j  lili 

_ 1 .  1  h  1 1  li 

10- 

_ 1 — i.Li  J  lit 

_ ^ 

T1-8AL- 

IMO-IV 


10* 


10* 


3 

o 


10-» 


10^ 


10* 


10*  _ 


3 

o 


10-« 


Kmax  (KSI  >/m) 


10 

Kmax  (KSI  v/Tn) 


Figure  4.16.3.10 


TABLE  4.16.3.11 


MATERIAL:  TITANIUM 
CONDITION;  MA 


SUSTAINED  CRACK  GROWTH  RATES  AT  DEFINED  LEVELS 
OF  STRESS  INTENSITY  FACTOR 

DATA  ASSOCIATED  WITH  FIGURE**. 16. 3. 11  INDICATING  EFFECT 

OF  ENVIRONMENT 

TANIUM  TI-8AL-1MO-IV 


K 

MAX 

DA/DT 

(l0**-3  IN/HOUR) 

(KSI«IN«-*l/2> 

A 

B 

C 

E« 

3.  5*/.  NACL 

A: 

20.  80 

59.  2 

K  MAX 

B: 

MIN 

C: 

D: 

25.  00 

11168. 

A: 

29  50 

29280. 

K  MAX 

B: 

ROOT  MEAN  SQUARE 
PERCENT  ERROR 


59.  14 


4.16-24 


CONDITION/HT:  MA 
FORM:  0.  1“TH  SHEET 

SPECIMEN  TYPE: 

ORIENTATlOiN. 

.  YIELD  STRENGTH:  145.0  KSl 
'ULT.  STRENGTH: 


SPECIMEN  THK:  0.160" 
SPECIMEN  WIDTH:  8.000" 
CRACK  LENGTH  (Aq). 

Kiscc:  21.  00  I«1  (SQRT  IN) 

REFERENCES:B42g0 


ENVIRONMENT: 
3.  5X  NACL 


4  10  40  100 

‘I  'Tnm — I  '  I M'lT” 

ENVIRONMENT: 


1 

10^ 

vs/ 

10* 

10“ 

10^ 

10' 

10’ 

10* 

10“ 

10-’ 

10-' 

10-1 

10-1 

10-“ 

10*“ 

4  10  40  100 

^max  (^Sl 


ENVIRONMENT 


10“ 

10» 

10* 

10“ 

10' 

10' 

10* 

10“ 

10-' 

10-’ 

10-* 

10'» 

10'* 

10*“ 

1  4  10  40 

t=  I  '  I'n'rM  T  -’-n 

-  ENVIRONMENT: 


4  10  40 

Kmax  (KSl  \/i^) 


Figure  4.16.3.11 
4.16-25 


TITAN. 

ALLOY 


TI-8AL- 

IMO-IV 


TABLE  4.16.3.12 


6U8TAINED  CRACK  GROWTH  RATEB  AT  DEFINED  LEVSLf 
OF  STRESS  INTENSITY  FACTOR 

DATA  ASSOCIATED  WITH  FIGURE4. 16. 3. 12  INDICATING  EFFECT 


OF  ENYIRONNENT 


HATER lAL:  TITANIUM 
CONDITION:  HA 

TI-8AL-lf«3-lV 

K 

MAX 

DA/DT 

(10**-3  IN/HOWR) 

(K8I*IN««l/2> 

A  B 

C 

D 

£•« 

DI8T.  WATER 

A;  20.  00 

10.  0 

K  MAX 

B: 

MIN 

C. 

D; 

2S.  00 

118. 

30.  00 

601. 

39.  00 

12S9. 

40.  00 

1533. 

A;  i9  00 

1610. 

K  MAX 

B. 

MAX 

C; 

0: 

ROOT  MEAN  SGUARE  25.  tS 

PERCENT  ERROR 


I 

I 


I 


4.16-26 


CONOITION/HT;  MA 
FO«M:  f.  2''TM  PLATl 

•HCIMIN  TYM;  tCNT 
ORIINTATION: 

VilLO  •TMNOTH; 

-’aULT,  iTHINOTM: 


•PfCIMIN  THK;  B.  280" 
MICIMBN  WIDTH;  2.  0S0 
CAACK  1.BNOTH  (Aq); 

Aill%iBNCfB  ;B1741 


TITAN. 

ALLOY 


TI-BAL* 

IMO-IV 


K  mtn  (MAA 
I  10  40  100 


KmiN  (MAA  v^) 

4  10  40  100 


INVIRONMINT 


4  10  40 


10* 

10* 

10* 

10* 

10' 

10' 

10* 

10* 

10' 

10" 

10" 

10' 

10  • 

10** 

4  10  40 

K,n,,  (K8I 


ri'iurn  'I, !».,  1.1/ 


TABLE  4.16.3.13 

SUSTAINED  CRACK  GROWTH  RATES  AT  DEFINED  LEVELS 
OF  STRESS  INTENSITY  FACTOR 

DATA  ASSOCIATED  WITH  FIGURE  4.16.3.13INDICATINO  EFFECT 


OF  ENVIRONHENT 


MATERIAL:  TITANIUM  TI-8AL- 

CONDITION:  1930F  IHR  WO 

IMO-IV 

K 

MAX 

OA/DT  (l0**-3  IN/HOUR) 

(KtI*IN*«l/3) 

A 

B 

C 

E-  R.  T. 

E-  R.  T. 

E=  R.  T. 

9MHCL  TICL3 

DI6T.  WATER 

METHANOL 

A; 

lA.  00 

430. 

K  MAX 

■  ; 

36.  00 

93.  3 

MIN 

C: 

13,  00 

1.  98 

0; 

13.  00 

9.  76 

16,  00 

42.  1 

30.  00 

1899. 

129. 

8S.  00 

3467. 

192. 

30.  00 

4989. 

183. 

197. 

3S.  00 

6297 

330. 

18S. 

40.  00 

7322. 

488. 

189. 

BO.  00 

8360. 

672. 

256. 

A; 

60,  00 

8778 

K  MAX 

1: 

60  00 

604. 

MAX 

C; 

60.  00 

527, 

D; 

ROOT  MEAN 

BOUARE 

18.  81 

10.  02 

26.  91 

RERCINT  ERROR 


%  % 


Fiqure  4.16. 3.11 


4.16-20 


TABLE  4.16.3.14 


MATERIAL.  TITANIUM 
CONDITION;  1320F  IHR  UQ 


SUSTAINED  CRACK  GROWTH  RATES  AT  DEFINED  LEVELS 
OF  STRESS  INTENSITY  FACTOR 

DATA  ASaiCIATED  WITH  FIGURE  4.16. 3. 14  INDICATING  EFFECT 

OF  ENVIRONMENT 


TANIUM  TI-8AL-lM0-iV 


K 

MAX 

DA/DT  (10**- 

-3  IN/HOUR) 

(KSI*IN**l/2) 

A 

B 

C 

£•  R.  T. 

E-  R.  T. 

E-  R.  T. 

TI  CL4 

GLYCERINE 

HN03 

A;  16.  SO 

15.  2 

K  MAX 

B :  26.  00 

1.  64 

MIN 

C  33.  80 

1  35 

D: 

20.  00 

23.  4 

25.  00 

32.  1 

30.  00 

37.  0 

1.  92 

35.  00 

40.  3 

3.  14 

1  46 

40.  00 

44.  0 

5.  32 

2  44 

50.  00 

56.  3 

10.  2 

6  40 

A:  60.  00 

Gl.  2 

K  MAX 

,B:  60.00 

9,  U 

MAX 

'C:  60.00 

7  20 

ROOT  MEAN  SQUARE 
PERCENT  ERROR 

19  57 

18  00 

16  69 

4.16-3'.' 

n 


CONDITION/HT;  1S20F  IHR,  WO 
FORM:  0.  2"TH  PLATE 

SPECIMEN  TYPE:  DCS 
ORIENTATION. 

YIELD  STRENGTH:  124.0  K8J 
ULT.  STRENGTH: 


SPECIMEN  THK:  0.  2S0* 
SPECIMEN  WIDTH: 

CRACK  LENGTH  (Ao) 

Kitcc^ 

REFERENCESA800O 


TITAN. 

ALLOY 


Tl-tAL- 

IMO-IV 


TABLE  4.16.3.15 


SUSTAINED  CRACK  GROWTH  RATES  AT  DEFINED  LEVELS 
OF  STRESS  INTENSITY  FACTOR 

DATA  ABFnciATED  WITH  FIGURE  4 . 16. 3. 15  INDICATING  EFFECT 


OF  ENVIRONMENT 


MATERIAL:  TITANIUM  TI-SAL- 

CONDITION:  1920F  IHR  WQ 

IMO-IV 

K  MAX 

DA/DT  (10*# 

-3  IN/HOUR) 

(KSI»IN«»l/2) 

A 

0 

C  D 

E»  R.  T. 

E-  R.  T. 

E»  R.  T 

9H20/1MCL. 

9H20/1HCL. 

9H20/1HCL. -200  MV 

-1000  MV 

-400  MV 

A:  17.  00  : 

12.  6 

K  MAX  B:  19.  70  : 

29  0 

MIN  C  49.  90  : 

9910 

D; 

lA.  00  : 

39  1 

20.  00 

1421. 

1310. 

29  00 

2966 

2062 

20  00 

4042 

2826. 

39  00  : 

4090 

3618 

40  00 

9667 

4463 

90  00 

7993 

6^90 

9861 

40  00 

10704 

9U81 

19121 

A  VO  00 

14496 

K  MAX  B  6fi  00 

1  1868 

MAX  C  70  00 

1  9986 

D 

ROOT  MEAN  ROUARC 

19  71 

20  49 

Q  19 

PERCENT  ERROR 


CONDITION/HT:  1S20F  IHR  WQ 
FORM:  0.2"TH  PLATE 

SPECIMEN  TYPE;  DCS 
ORIENTATIONT-L 
YIELD  STRENGTH:  124.  0  KSl 
ULT  STRENGTH: 


K  max  (MPA  v^) 

4  10  40  100 

T~'  PWl - 1  '  I  M'l'l 

ENVIRONMENT:  R.  T,  - 
5H20/1HCL.  -1000MV 


4  10  40  100 

I  '  I  M'l'l - 1  '  1  'I'I'I 


SPECIMEN  THK;  0.  250" 
SPECIMEN  WIDTH;  1.  000" 
CRACK  LENGTH  (Aq)  0.  065" 
Kiscc 

REFERENCES:e36e9 


K  max  (MPA  V^) 

4  10  40  100 

I  '  I  M'l'l — r"n^ 
ENVIRONMENT:  R.  T, 
5H20/1HCL,  -400MV 


10* 

d) 

10> 

10* 

10» 

10' 

10' 

10® 

10* 

10-' 

10-' 

10-* 

10*» 

10-* 

10** 

4  10  40  100 

^ max 


10* 

10* 

10* 

10» 

10* 

10' 

10® 

10® 

10' 

10- 

10' 

10' 

10  » 

10  * 

1  4  10  40 

b  I  '  I'i'i'i — 

F  ENVIRONMENT: 


4  10  40 

^  fitai  (K3I  \/^^) 


Kigura  4. lo, l, 
4 . IL- 3  3 


TITAN. 

ALLOY 


TI-eAL- 

IMO-IV 


TABLE  4.16.3.16 


SUSTAINED  CRACK  GROWTH  RATES  AT  DEFINED  LEVELS 
OF  STRESS  INTENSITY  FACTOR 


DATA  ASSOCIATED  WITH 

OF 

FIGURE  4. 16. 3. 

ENVIRONMENT 

16 INDICATING  EFFECT 

MATERIAL:  TITANIUM  TI-SAL- 

IMO-IV 

CONDITION;  1920F  IHR  UQ 

K 

MAX 

DA/DT  (10**-3  IN/HOUR) 

(KSI*IN**l/2) 

A 

B 

C 

D 

E*  R.  T. 

E-  R.  T. 

E=  R.  T. 

; 5H20/1HCL. 

9H20/1HCL, 

5H20/1HCL. 

♦300  MV 

♦1000  MV 

-1.9  TO  -1.9 

A: 

K  MAX 

B: 

MIN 

C :  46.  50  ; 

4942 

D: 

90.  00  ; 

9303. 

60  00  : 

9814. 

A; 

K  MAX 

B; 

MAX 

C;  70.00  : 

9792. 

D; 

ROOT  MEAN  SOUARE  0,  00  0.  00  1 .  69 

PERCENT  ERROR 


CONDITION/HT:  1520F  IHR  WQ 
FORM;  0.  2"TH  PLATE 
SPECIMEN  TYPE:  DCS 
ORIENTATION  T-L 
YIELD  STRENGTH;  124.0  KSI 
ULT,  STRENGTH: 


SPECIMEN  THK;  0.  250" 
SPECIMEN  WIDTH:  1.  000" 
CRACK  LENGTH  (Aq)  0.  985" 
Kiscc: 

REFERENCES:S368g 


TITAN. 

ALLOY 


TI-8AL- 

1M0~1V 


K  max  (MPA  v/m) 

4  10  40  100 

I  '  I  M'I'I - 1  '  I  'I'I'I 

ENVIRONMENT;  R.  T.  . 
5H20/1HCL,  ♦500MV 


4  10  40  100 


T ;  R«  T. » 


-1.9  TO  -1.  5 


4  10  40  100 

^mi«  (KSI  \/*in) 


K  max  (MPA  \/m) 

4  10  40  100 


ENVIRONMENT:  R.  T.  , 
5H20/1HCL,  '^1000MV 


4  10  40 


4  10  40 

Kmai  fKSI  y/Tn) 


r Jgurs  4.10,3.10 
4. 1 


TABLE  4.16.3.17 


SUSTAINED  CRACK  GROWTH  RATES  AT  DEFINED  LEVELS 
OF  STRESS  INTENSITY  FACTOR 

DATA  ASSOCIATED  WITH  FI0URE4. 16. 3. 17  INDICATING  EFFECT 

OF  ENVIRONHENT 

MATERIAL;  TITANIUM  TI-SAL-lMO-l V 

CONDITION:  1725F  FC, 1200F  3HR  WQ 


K  MAX 

<KSI*IN**l/2) 


DA/DT  (10**-3  IN/HOUR) 

A  B  C  D 


E- 

21000PPM  CL 
32F 


E- 

21000PPM  CL 
72F 


E« 

21000PPM  CL 
140F 


E- 

121000PPM  CL 
200F 


A:  21.  00 

K  MAX  B:  17.  00 
MIN  C: 

D; 


3113. 


S014. 


20.  00 
2S.  00 
30.  00 

39.  00 

40.  00 
90.  00 
60.  00 


4963. 

6674 

7737. 

8432. 

9637. 

11481. 


7799. 

11801. 

14738 

16734. 

18121. 

20090. 


A;  61.00  :  11729. 

K  MAX  B:  97.  00  ;  21366. 

MAX  C: 

D: 


ROOT  MEAN  SQUARE  6.  IS  3  03  0.  00  0.  00 

PERCENT  ERROR 


I*.' 


4.16-30 


CONDITION/HT:  1725F  FC.  1200F  3HR  WQ 

FORM:  0.  2'*TH  PLATE  SPECIMEN  THK;  0.250" 

SPECIMEN  TYPE:  CANT  SPECIMEN  WIDTH:  2.  000" 

ORIENTATION'.T-L  CRACK  LENGTH  (Aq)  0.  250" 

YIELD  STRENGTH:  K,scc- 

ULT.  STRENGTH:  REFERENCES:85855 


TITAN. 

ALLOY 


10’ 

10’ 


1 10* 


510*’ 

ID 

"O 


10-» 


io*» 


10-* 


10* 


10’ 


K  max  (MPA  \/m) 

4  10  40  100 


1  •  1  '  Ml>l 

- 1  '  1  M'l'l 

— 

ENVIRONMENT: 

_ 

— 

21000PPM 

CL  32F 

• 

— 

— 

— 

— 

- 

— 

— 

— 

— 

- 

1  >  1  ■  l.li 

. 1  1  1 1  Itli 

10 


40  100 


io»  U 


6  10-’  = 

I  - 

10-* 


10'br 


10- 


L  1  I  1 1  lili 


1 


4  10  40  100 

^  mai  V^) 


K  max  (MPA  s/m) 

4  10  40  100 


10* 

(D 

10’ 

10’ 

10’ 

10’ 

10’ 

10* 

10* 

10*’ 

10*’ 

10-’ 

10-’ 

10-* 

10* 

10'* 

® 

10* 

10’ 

10* 

10’ 

10' 

10* 

10« 

10' 

10*’ 

10*' 

10-* 

10* 

10  • 

Klyur* 

4.10,3 

£  1  1  '  1  M'l'l  ^ 

-  ENVIRONMENT;  — 

_  21000PPM  CL  72F  - 

— 

— 

mm 

— 

mm 

— 

mm 

— 

>  1  1  1  lili 

nm 

-= 

^10’ 


TI-8AL- 

IMO-IV 


-diO’ 

3 
O 
£ 

10’  I 

10*  I 


-d10-’ 


=  I  ’  r'lm — 1  '  I  'lTi  ’ 

: ’SKlSWIfl-L  2«>F  1 
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RiraENCES  FOB  THE  TITAWIUM  ALLOY  DATA 


54304  TI-6AL-4V 

Ft(|«i  I.  E.,  "Rcsidtul  Static  Scrangth  of  Stvaral  Tltaniua  and 
Staiolaat  Staal  Alloya  and  Ona  Suparalloy  at  -  109  F,  70  F,  and 
550  F",  NASA  TM  0-7045.  Laaglay  Raaaareh  Cantar  (Oacamber  1963). 

57573  TI-6AL-4V  Kc 

Anon.,  "Fraecura  Toughaaaa  and  Taar  Taata",  Air  Forea  Natarlala 
Laboratory.  Raaaareh  and  Technology  Olvlalon.  Report  No.  HL-TDR- 
64-238  (October  1964). 

58782  T1-5AL-4? 

Anon.,  "Thick  Section  Fracture  Toughnaaa”.  ML-TDR-64-236,  Boeing- 
North  AMrlcan  (October  1964). 

60578  TI-6AL-4V(ELI) 

Chrlatlaa.  J.  L..  Yang.  C.  T.,  and  Wlttall.  W.  E..  "Physical  and 
Machanleal  Fropertlaa  ol  Frastura  Vassal  Materials  (or  Application 
In  a  Cryogenic  Eavlroiaenc" .  ASD-TDR-62-258.  Part  III,  Genaral 
Oynaaica/Aecronauelcs  (Oecaabar  1964). 

66103  TI-5AL-2.SSn 

Ferguson,  C.  W,,  "Hypenraloclty  lapse  t  Effects  on  Liquid  Hydrogen 
Tanka",  NASA  CR-548S2,  Douglas  Aircraft  Co.,  Inc,  (March  1966). 

66218  TI-SAL-2.SSa  Kc 

Tiffany,  C.  F.,  Lorens,  P.  M.,  and  Hall,  L.  R.,  "Invastlgatlon  of 
Plana-S train  Flaw  Growth  In  Thlck-Uellad  Tanka”,  NASA  CR-54837, 

The  Boeing  Coapeny  (February  1966). 

67821  TI-8AL-1MO-1V 

Walker ,  I.  K.,  ”A  Study  of  tba  Influence  of  Caoaetry  on  Che  Strength 
of  Fatigue  Cracked  Panes''.  AfFDL-TR-66-92.  Nortbrop  Noralr  (June  1966) 

68968  TI-5AL-2.SSO  1^. 

SulllTan,  T.  L.,  "Oniaalel  and  Biaxial  Fracture  Toughness  of  Extra- 
Low-Inr.erstltlal  5Al-2.5Sn  Tltaniua  Alloy  Shssc  at  20  K",  NASA  TH 
D-4016,  Lewis  Research  Cantar  (June  1967). 

70733  n-«AL-lMO-lV  Kjgee 

Saleh,  H.  R.,  at  al.,  "A  Study  of  Stress  Corrosion  Cracking  by 
Wedge-Force  Loading",  Report  06-19768,  The  Boeing  Coapany,  Renton, 
Wash.,  Contract  N0<X>i4-66‘<'.W)365  (June  1967). 

70887  Tl-6At-4T  Ri,cc 

TI-6AL-6V-2.3Sa  Kisee 
TI-8AL-1II0>1V  Kisec 

Faterson,  H.  H.,  Brown.  B.  F.,  Nawbagln,  R.  L.,  and  Croowar,  R.  E. , 
"Stress  Corrosion  Cracking  of  High  Scrangth  Stasis  and  TlUnlua 
Alloys  In  Chloride  Solutions  at  Aablsnt  Tanparaturs".  Corrosion, 

23  (S),  142-148  (Kay  1967). 

70931  n-6AL-4V  Kx,cc 

TI-6AL-4V(ELI>  Ki,cc 
TI-6AL-6V-2.5Sa  Kisce 
TI-8AL>1M0-1V  Kisec 

Judy,  Jr.,  R,  U, ,  and  Goode,  R.  J.,  "Serass-Corroslon  Cracking 
Charaecarlaclcs  of  Alloys  of  Tltaniua  in  Salt  Watar",  Intarla 
Report  6564,  Naval  Research  Laboratory,  Washington,  D.C.,  Contracts 
NONR-610(09),  N0HR-760(31)  and  N00014-66-C0365  (July  21,  1967). 
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71709 


7435S 


7S386 


75528 


76411 


77290 


77456 


78535 


80104 


80538 


T1>8AL-L«>>1V  R<. 

Pitt*.  I*  8.,  "KMidual-StAClc-Scrtngth  «nd  Slow-Cr*ck-Orowth  Batuvii 
of  Ouplw-Annulad  T1-8A1<IHo-1-V  Shaat",  NASA  TN  D-4358,  Ungity 
Rataareh  Caacar  (March  1968) . 

T1-6AL-4V 

Scaolay,  J.  K.,  "Solucloaa  co  Sosa  Scraaa  Corrosion  Cracking 
ProblaM  In  Aarospaca  Applications",  Tschnical  Raport  TR--0200 
(4112.22)-!.  Aaroapaca  Corporation,  El  Sagundo,  Calif.,  Contract 
P04701-68-C-0200  (Novaebar  1968). 

T1-4AL-3M0-1V  Risec 
TI-6AL-4V  Kiacc 
T1-8AL-1M0-17  Klacc 

C.irtls,  R.  E.,  at  al.,  "Rslatlonshlp  Batvaan  Conposltlon,  Hlcro- 
scrucLura,  and  Strasa  Corrosion  Cracking  (tn  Salt  Solution)  In 
Tltanlua  Alloys”,  ASM  Transactions  Quartscly,  62  (2),  457-469 
(Juna  1969) . 

TI-6AL-4V  Kiscc 

Blxlar,  W.  0.,  "Fraccura  Charactarlstlca  of  6A1-4V  Tltanlua  Alloy 
Porglogs  Containing  Alpha  Strlngar  Micros true turn" ,  NASA  Final 
Raport  CR-99S12,  Tha  Boalng  Coapany,  Saattla,  Wash.,  Contract 
NAS-9-8809  (January  1969). 

TI-8AI.-4V  Ric 

Wassal,  C.  T.,  at  al.,  "Englnaarlng  Mathods  (or  ths  Oastgn  and 
Salactlon  of  Katarlals  Against  Fraeturs”,  Final  Tachnical  Raport, 
Uasclnghouaa  Rasaareh  Laboratorias,  Pittsburgh,  Pa.,  Contract 
0A-30-069-AHC-802  (T)  (Juna  ’.4,1966). 


TI-6AL-4  V  Rtscc 


Rautar,  W,  G.,  at  al.,  "Monitoring  of  Crack  Growth  on  T1-6A1-4V 
Alloy  by  tba  Strass  Wavs  Analysis  Tachnlqua”,  NASA  Raport  CR-101888, 
Aarejat  Ganaral  Corporation,  Sacraaanto,  Calif.  (Dacabar  1968). 

BETA  da/dt,  Ri-,- 
TI-8AL-1M0-1V  daZdt,  Xisec 

Ratz,  T.,  "Ktcro-Machanlcal  Approach  to  Stress  Corrosion  Cracking 
In  Tltanii«  Alloys",  Thasls  Raport  Mo.  DCRI-19046,  Unlvarslty  of 
Callfemla,  Lavraoea  Radiation  Laboratory,  Barkalay,  Calif,,  AEC 
Contract  W-7405-ang-48  (Saptaabar  1969) . 

TI-6AL-4V  Ri,ce 

Hastars,  J.  N. ,  at  al.,  "Fraeturs  and  Nltrogsn  Tstroalda/Sustalnad 
Load  Flaw  Growth  In  6A1-4V  Tltanlua",  Final  Raport  DZ-121397-i, 

NASA  CR-109366,  Tha  Boalng  Coapany,  Saattla,  Wash.,  Contract 
KAS7-100  (Oetobar  1969). 

TI-3AL-2.3Sn  R<. 

Oranga,  T.  V..  Sulliran,  T.  L. ,  sod  Calfo,  F.  D.,  "Fraeturs  of  Thin 
Sactiona  Containing  Through  and  Part-Through  Cracks”,  NASA  TN  0-6305, 
Lavis  Rasaareh  Cancar  (Apfll  1971) . 

TI-6AL-47  Ric 

Patrak,  G.  J.,  "Kachanieal  Proparty  Evaluation  of  Rata  Forgad 
T1-6A1.^7",  Raport  AfKL-TR-7 0-291,  Unlvarslty  of  Dayton  Rasaareh 
InstlCuts,  Dayton,  Ohio,  Contract  F33615-69-C-1471  (Jatuary  1971). 


MSf 
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8i:21  TI>6AL>4V  dm/dt.  Kx,ec 

B«ck,  T.  R.,  «t  4l.,  “ScrM*  Corro«len  CraclUng  o(  Tle«nliia  Alloys: 
StudlM  of  Crieka  in  Thin  Spoclaana;  SCC  of  T1*6A1-4V  la  Chlorld*. 
todlda  and  Fluoride  Soluciona:  Scrasa  Corrosion  Cracklnt  In  Holcan 
Salta:  tlactrechaalscrr  of  Preahly  Canaratad  Tltanlvn  Sucfacas", 

Report  20,  Tha  Boalog  Coapaay,  Saattla,  Wash.,  Contract  NAS  7>489 
(Juna  1971). 

817A1  TI>«AL-1H0-1V  da/dt 

Buccl,  R.  J.,  and  Faria.  F.  C.,  "Obaatvatlona  on  Sustained  Load 
Rnalroneantai  Crack  Crewth  of  a  TltanliN  8AI-IM0-IV  Alloy", 

Corroalon,  ^  (12)  S2S-930  (Oacaabar  1971). 

82631  beta  Ktsec 

BETA  III  da/dc 
Tl-BAL-lMO-lV  da/de 

Back,  T,  R.,  and  Blackburn,  H.  1.,  "Scraaa  Corroalon  Cracklnt  of 
Tltanlua  Alloyat  SCC  Velocity;  Coneantratlon  of  TlCl.",  Report  18, 
tha  Boatnt  Coapany,  Saattla.  Uaah.,  Contract  NAS  7-489  (Dacaabar  1970). 

83222  TI-6AL-6V-2Sa  Rjc 

Aaataau,  H.  P.,  at  al.,  “F-13  Frograa  Pinal  Report  Tl-4Al-6V-2So 
and  T1-6A1-4V  Fatigue  Crack  Propagation",  Raport  Ho,  ATR-72(9990)-3, 

Tha  Aaroapaca  Corporation,  El  Sagundo,  Calif.  (Soptabar  29,  1971). 

83669  TI-SAL-IMO-IV  da/dt,  Kxgcc 

Back,  T.  R.,  at  al.,  "Pundaaantal  Invastlgaclon  of  Scrasa  Corroalon 
Cracking",  Raport  0180- 13006-1,  Tha  Boeing  Coapany,  Aaroapaca  Croup, 
Saattla,  Waahingtoo,  Contract  NASW-224S  (April  1962), 

83984  n-6AL-4V 

Faddarsan,  C,  B.,  and  Hylar,  W.  S.,  "Fracture  and  Fatlgua-Crack- 

Fropagatlon  Characcarlatlca  of  k-lnch  Mlll-Aimaalad  T1-6a1-4v 
Tlcaalua  Alloy  Plata",  Report  C-9706,  Battalia,  Coluabua  Laborstorlas, 
Coluabua,  Ohio,  Contract  ii00136-70.<-1336  (Hovaabar  1,  1971), 

84036  Tl-6At-4V 

Basebaa,  C.  0..  and  Hayn,  D.  A..  "Tha  Effect  of  Thlcknaaa  Upon 
Suacalnad  Load  Crock  Propagation  in  T1-6A1-4V  Alloy  Tasted  In  3S1 
NaCl  Solution",  NIL  Raport  7449.  Naval  Rasaareh  Laboratory, 

Uaahlngton,  D.C.  (August  8,  1972). 

84282  T1-6AL-4V  Ki,<.c 

Spurr,  W.  F. ,  "SST  Technology  Follow-On  Frograa,  Phaso  I,  Titanium 
Alloy  6A1-4V  Estrualoo",  Raport  Ho.  FAA-SS-72-06,  Boeing  Raport 
06-60206,  Tha  Boeing  Company,  Cowarclal  Airplane  Group,  Seattle. 
Wash.,  Contract  No.  OOT-FA-SS-71-12  (July  1972). 

84290  n-8AL-lMO-lV  da/dt 

Soltb,  H.  R. ,  Flpor,  0.  E.,  and  Oovnay,  P.  K.,  "A  Study  of  Strass- 
Corroalon  Cracking  by  Uadga  Force  Loading",  Engineering  Fracture 
Hochanlcs,  1^,  p  123-128  (1968),  Fargaaon  Fraaa. 


TABLE  4.20  (continued) 


n-6AL-4V  Kjc 

lUrrlgaa,  M.  J.,  “8-1  Fractur*  Machanlca  Data  for  Air  Forca  Handbook 
Utaga",  Rapore  TFD-72-SOX,  North  Aaarican  Rockwall,  Lot  Angalaa 
Olvtaloo.  Loa  Angalaa,  California  (April  21,  1972), 

TI-6At-2Sn  Kj 
TI-6AL-2Sn(Etl) 

DaSlato,  T.  S.,  and  Hlckay,  Jr.,  C.  F. ,  "low-Taaparaeura  Machanlcal 
Propartlas  and  Frtctura  Toughnata  of  T1-6a1-6V-2So'',  aSTM  Frocaadlngt, 
641-6S1  (196S). 

TI-BAL-UC-IV  Ki.cc 

Raport  of  NRL  Frograat.  Naval  Raaaareh  Laboratory,  Uaahlngton,  D.C. 
(Hay  1968). 

Tt-SAL-lMO-lV 

Raport  of  NRL  Prograaa,  Naval  Raaaareh  Laboratory,  Waahlngton,  D.C., 
(Kay  1967). 

T1-6AL-4V  Kigee 

Raport  of  NRL  Prograaa,  Naval  Raaaareh  Laboratory,  Uaahlngton,  D.C., 
(Novaabar  1968) . 

TI-6AL-4V  Kic.  da/dM,  da/dt,  K.  . 

■n-6AL-6v-2Sn  Kic.  da/dH 
Ti.6AL-6V-2.SSa  Riacc 

HcDoonalX  Aircraft  Con  any,  HcDonnall  Douglaa  Corp.,  St.  Loula,  Mo., 
Phaaa  8  Toac  Prograa,  Raport  KDC  A0913  (Hay  18,  1971), 

T1-6AL-4V  Kie 

Hiecball,  Jobr,  "Laboratory  Raporta  on  Fractura  Toughnoaa  Taata", 
par  MBo  froa  .1  Cavcborna  of  Fabruary  S,  1973;  data  ahaaca  froa 
Sbalci  Scaal  Coa[pany.  South  Cata,  California. 

n-8AL-AV  Etc 

BJaiaClcb,  J.  G.,  "Oavalopaant  of  Englnaarlng  Data  on  Thick-Sac tlon 
Elaccron-8aaa-Ualdad  Tltanlua”,  Raport  N-LJ-71-18,  Lockhaad 
Aircraft  Corporation,  Lockhaad  Palo  Alto  Raaaareh  Laboratory,  Palo 
Alto  Calif.,  Contract  F3361S-71-C-133S  (Octobar  12,  1972). 

TI-6AL-AV  He 


"Fractura  Toughnaaa  and  Tanalla  Propartlaa  Data  for  T1-6A1-1V 
Forglnga",  Shultt  Steal  Coapany,  South  Cata,  Calif.,  Attached  to 
MMO  fro*  Ed  Cawthoma  dated  March  S.  1973. 

TI-6AL-4V 

"8-1  Fracture  Toughnaaa  Data  (K  (aub  l^))  -  Rockwall  International 
Corporation,  Loa  Angalaa,  Calif.  (April  26,  1973). 


n-6AL-6V  da/dN 

"Fractura  Toughnaaa  Data  Collection,  Rockwall  lotarnational 
Corporation,  froa  8-1  Prograa",  Rockwall  Intarnar tonal  Corporation, 
Loa  Angalaa,  Calif.  (April  1973). 
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8SSSS  Tl-BAL'lMD'iV  <U/dt.  Kiace 

Bojrd,  J.  D.,  "StrMa-CerroalOD  Cracking  at  Tl-SAI-LHo-lV  in 

Aquaeua  Borlrenaaca:  1.  Tha  Rlnatlca  of  Subcrlclcal  Crack  Propagation", 

Nacallurglcal  TranaaetloM.  4  (4)  1029-103S  (April  1973). 

8S857  TI-6AL-4V 

"Shuiet  Staal  Coapany  -  Fraccura  Toughnaaa  Data  -  May  10,  1973", 
par  aaae  froa  Ed  Cawchoraa  of  Nay  10,  1973. 

86099  Tl-8AL-UtO-lV  da/dH 

Waoblll,  t.  J.  a.,  "A  Btrlea  and  Analyals  of  Fatlgua  Crack  Propagation 
la  Tleaalua  Alloya  at  Rooa  Taaparatura" ,  Raport  No.  NRL-TR-7103SU, 
Hacloaal  Aareapaea  Laboratory,  Tha  NatKarlaoda  (Fabruary  1971). 

86429  TI-6-8-2-3 

"Fraetura  Toughaaaa  Data",  Prograaa  Raport  on  Matariala  Taat  Prograa, 
Caoaral  Dynaalca  Corporation,  Fort  Worth  Dlvlalon,  Fort  Worth,  Taxaa, 
Contract  F3361S-72^.2149  (Racalrad  July  6,  1973). 

86494  T1-6AL-6V-2S0 

Hamaaerth,  C.  L. ,  "Evaluation  Raport  -  Fraetura  Toughnaaa  Evaluation 

of  lootharaally  Forgad  Tl-6Al-6V-2So  STA",  Raport  MXE  72-64,  Air 
Forca  Matariala  Laboratory,  WPaFB,  Ohio  (Novoabar  IS,  1972). 

8637S  TI-4AL-4W  K^.^c 

"Rockwall  Intamatlonal,  B-1  Prograa,  da/dH  Data,  Cantar-Crackad 
Tanaloo  Spaelaana",  Loekhaod  California  Coapany,  Burbank,  CA, 

Raport  LB231S2  (Racalvad  July  1973)  (Haao  froa  Ed  Cavthomo  datad 
July  10,1973). 

86688  TI-6AL-4V  Kic 

Sr^ovla,  D.  0..  at  »l..  "Evaluation  of  Straaa-Corroalon  Cracking 
S lacoptibUlcy  Oalng  Fraetura  Hacbaalca  Tochnlquaa” ,  Final  Raport, 

Port  1,  Alualna  Coa>aoy  of  Aaarlca,  Alcoa  Tachnlcal  Cantar,  Alcoa 
C«atar.  PA,  Contract  .<AS8-21487  (May  31,  1973). 

36844  T.'-6AL-6r-28o  da/dM 

"Crack  (;revch  Rata  Data  Ganaratod  Ondar  USAF  Contract  F3361S-72- 
C-2163”,  lockhoad  Aircraft  Corporation,  Lockhaod-Caorgla  Coapany, 
Harlatta,  CA,  Contract  F33613-72-C-2163,  Data  ahaota  racalvad  froa 
AFFDL  Auguat  13,  1973. 

37230  BRA  III  Kt^ 

TI-6AL-69-2Sn  Ktc 
TI-8-8-2-3  Ejg 

OaSlato,  T.  S.,  "Fraetura  Toughnaaa  Haaauraoanta  of  Thraa  Tltanlia 
Alloy  Extrualona",  Raport  AW(RC-TR-73-31,  Amy  Matariala  and  Machanlca 
Roaoarcb  Cantor,  Watortovn,  MA  (July  1973). 

88140  TI-6AL-4V  da/dH 

n-6AL>4V(ELl)  da/dN 

Hall,  L.  R.,  Flngar,  R.  H. ,  and  Spurr,  W.  F.,  "Correalon  Fatlgua 
Crack  Growth  in  Aircraft  Structural  Matariala",  Raport  AnL-TR- 
73-204,  Booing  Aaroapaca  Coapany,  Saattlo,  WA,  Contract  AF33613-71-C- 
1687  (Saptoabar  1973). 
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88144  BETA  III  Kic,  da/dM 
n-6AL-4V  Ktc. 

Bjtlaclcb,  J.  G.,  "0«v«iop»*iit  of  En|tn«aring  Data  on  Thick-Section 
Claccron  Beam  Welded  Tltanita'*,  Report  AnQ.-rR-71-197 ,  Lockheed 
Hlaallaa  and  Spaca  Company.  Inc.,  Palo  Alto,  CA,  Contract  F3161S-71- 
C-1138  (Auguac  197}). 

88186  TI-6-2-2-2-7  Kic 

TI-6AL-6V-2Sn 

"Selected  Pagea  froa  Macerlala  Section  of  Pinal  Raport  on  Cargo/ 

Tanker  Phaae  lA  (Am>L-TR-73-}l)  and  Lockhaad  Report  SMH  378", 

SuMary  Raport,  Lockheed-Ceorgla  Coapany,  Karlatta,  CA,  Contract 
F33615-72-C-2165  (February  8,  1974). 

88439  TI- SAL-2. 3So(ELI)  R^c 

Reutar,  U.  C.,  "Practura  Toughnaaa  of  Tl-SAl-2.SSn  ELI  Forglnge  at 
•423  F",  Suaaary  Report,  Aerojet-Canaral  Corporation,  Sacraaento, 

CA  (Septaaber  9.  1970). 

88440  TI-6AL-4V 

"TltAnlua-6Al-4V  Fracture  Toughness  and  Tensile  Test  Data  of 
Deceaber  19,  1973”,  Haao  froa  E.  W.  Cawthorne  with  fracture  toughnass 
data  froa  Shults  Steal  Coapany  (Deceaber  19,  1973). 

88468  TI-6AL-4V  da/dM 

8all,  P.  0.,  "Data  Sheets  for  Constant  Aaplltude  Crack  Growth  Data 
Csnsrated  by  Gruaaao  Aerospace  Corporation  for  2219-'T8S1  Alualnua  and 
Hill  Annealed  6M-4V  Tltanlua  Alloy  Plate",  in  letter  to  J,  E. 

Caapball  froa  Cruwan  Aaroepace  Corporation,  Bathpage,  !(Y,  Contract 
?336lS-72-C-l744  (Harch  .1$.  1974). 

88S7S  BETAC  Kfc.  da/dM 

n-6AL-4V  Kie,  da/dH 

"Advanced  Hetallle  Air  Vehicle  Structure  Prograa",  Material  Property 
Data  Test  Raport  Phaae  II,  Report  F2M-6148A,  General  Dynsalca,  Convalr 
Aerospace  Dlvlsioo,  Fort  Worth,  TX,  Contract  AF33615-73-C-3001 
(January  1974) . 

88S79  TI-6AL-4V  da/dH 

"B-l  Prograa  da/dH  Data  for  Aluainua  Alloys",  Rockwall  Intarnatlonsl 
Corporacton,  asaorandua  to  H.  D,  Moran  froa  E.  U.  Cawthorne, 

Battalia's  Coluabus  Laboratories  (April  3,  1974), 

88700  TI-6At-4V  K- 

Iscc 

Gilbreath,  U.  and  Adaason,  M.  J.,  "The  Stress  Corrosion 
Susceptibility  of  Several  Alloys  In  Hydrsslns  Fusls",  NASA 
Technical  Mote,  Raport  HASA  TM  D-7604,  Aaas  Research  Center. 

Moffett  Field,  CA  (February  1974). 

88911  T1-SAL-2.3SO  da/dH 

Hanhlll,  R.  J.  H.,  at  si.,  "Fatigue  Crack  Propagitlon  Data  for 
Tltanlua  Sheet  Alloys  -  lotsrla  Report  No.  3;Tt-SAl-2.}Sn".  Raport 
HU  TE  72093  U,  National  Aarospacs  Laboratory,  The  Netherlands 
(July  1972). 
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86962 


890CM 


89S0A 


90012 


TI-6AL-AV  K. 

Tl-6AL-6V-2Sn  Kjc 
TI*6»2“A— 6  Ktg 

Sparks,  R.  B.,  sod  Long,  J.  R.,  “Taprovtaenc  Hsnufaccuring  Methods 
for  Producing  High  Integrity  Hors  Rsiisbla  Tlcanita  Forgings", 

Report  AFKL-TK-? 3-301,  Wyaan^^rdon  Coapany,  Uorcascar,  MA,  Contract 
AF3361S-71-C-1S60  (February  1974). 

T1-6AL-4V  Kie. 

"Rockwall  Intamaeional,  B-I  Prograa  Ticaniua  K^.  and 

Dace  for  KB-Ol  Revision",  with  data  actaehad  to  aaaorandua  froa 
E.  W.  Cawthoma  to  H.  D.  Moran  (May  I,  1974). 

T1-6AL-4V  Kjg 

Carvay,  R.  R. ,  "Kachanlcal  Properties  of  T1-6A1-4V  Annsalsd  Forgings", 
Report  AfHL-TR-74-49,  University  of  Dayton  Research  Inscitucs,  Dayton, 
OH,  Contract  F3361S-72-C-1282  (March  1974). 

TI-6AL-4V  Kjg 

"Ti-6Al-4V  Fracture  Toughnaaa  Data  -  Shultz  Staal  Coapany,  South  Cats, 
CA,  of  August  8,  1974",  with  aaaorandua  froa  C.  W.  Cawthoma  to 
K.  D.  Moran  of  Beeeelle'a  Coluabua  Laboratories  (nuguat  8,  1974). 


90384  TI-6AL-4V  Kic 

Tl-6AL-6V-2Sn  Kjc 

OeMay,  "laprovad  Fracture  Toughness  of  Titaniua",  Final  Report. 
CruMan  Aerospace  Corporation,  Bathpagc,  MY,  Contract  N62269-73- 
C-0127  (June  1973)  (AD  778  652). 

10589  T1-6AL-6V-2S0  Eic 

Fifcal,  C.  F.,  and  Back,  E.  J«,  ‘'Davalopaent  of  Fracture  Hechanies 
Data  for  6Al-6V-2Sn  Ticaniua  Alloy",  Report  MCR-74-43,  Martin 
Marietta  Carp.,  Denver  Division,  Denver,  CO,  Contract  NAS  9-13599 
(January  1974). 

90981  T1-6AL-4T  da/dN 

TI-6AL-6V-2Sn  Kig,  da/dN 

Krupp,  W.  E.,  tflMor,  F.  T.,  Pettit,  D.  E. ,  and  Hoeppner,  D.  W., 

Data  Sheata  for  Final  Report  on  "Invastlgatlon  of  the  Effects  of 
Stress  and  Chaalcal  Envlronaents  on  the  Prediction  of  Fracture  in 
Aircraft  Stniccursl  Hatsrlala",  Rye  Canyon  Raaesrch  Laboratory, 
Loekheed-Callfomia  Coapany,  Burbank,  CA,  Contract  F3361S-71-C-16S8 , 
data  ahoats  recalvad  October  21,  1974. 


91332  TX-6AL-4V  ds/dN 

Wells,  R.  R. ,  "New  Alloys  for  Advanced  Metallic  Fighter-Wing  Structures" 
Northrop  Corporation,  Aircraft  Division,  Hawthorne,  Co,  AIAA/ASMZ/SAE 
13eh  Scruceut  ta.  Structural  Dynaalcs  and  Matarlala  Confarenca,  Las 
Vafsa,  NV  (April  17-19.  1974). 
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91793  BETA  III 

Van  Scona,  R.  H.,  Lov  J.  R.  ir.,  and  Shannon,  J.  L.,  Jr.,  "The 
Efface  of  Nlcroteructura  on  cha  Fraccuca  Toughnaat  of  Tlcanlua 
Alioya",  NASA  Tachnlcai  RaporC  So.  2-Tl,  Carnagla-Mallon  Unlvaralty, 
Plcctburgh,  Pa.,  and  NASA,  Lawla  Rasearch  Cencar,  Clavaland,  Ohio, 
Raaaarch  Crane  NCR  39-087-047  (Dacaabar  1974), 

9I94S  TI-6AL-6V-2Sn  da/dH 

Kondaa,  K.  R. ,  ac  ai.,  “CycHc-CracIc-Croveh  and  Fraceura  Ratlacanca 
of  Tl-6Al-60-2Sa  aa  Influancad  by  Racrytealllcatlon  Annaal  and 
Incarscicial  Oxygan  Concanc",  NRL  Raporc  7844,  Naval  Raaaarch 
Laboraeory,  Waablngeon,  O.C.  (January  8,  197S). 

CD006 

Hargolia,  W,  S.,  ''P-16  Kaearlal  Taae  Allowablaa  for  Alualnua 
Alloy  7475,  3.0"  Plata  -  T73S1  Taaipar  and  0.5"  Plata  (92"  Uldth) 

-  T76S1  Taapar  and  -  T7351  laapar",  Canaral  Oynaatca,  Fore 
Watch  Olvlalon,  Raporc  No.  16PR926,  April  1978. 

GD007  TI-6AL-4V  da/dM 

Hargolia,  W.  S.,  "P-IA  HaCarlal  Allowablaa  Evaluating  Bata  Annaalad 
6A1-4V  Tlcanlua  Alloy",  Canaral  Dynaalca,  Fort  Worth  Dlvlalon. 

Raporc  No.  16PR944,  Sapcaabar  1978. 

CE006  TI-6AL-IM0-1V  da/dN 

"Faclgua  Crack  Crovth  RaCa  Data  on  Tlcanlua  Tl-8-1-1  Alloy  Ualog 
1C.  Bar  Spaclaana  traa  cha  TF34  OTA  Effort",  Data  Sant  troa  H.  S. 

Cilbarc,  Canaral  Elacerlc  Co.,  Evendala,  Ohio,  October  1982, 

CE007  TI-6AL-4V  da/dN 

"Faclgua  Crack  Crovth  Raca  Data  on  Tlcanlua  Tl-6-4  Alloy  Ualng 
Kg  Bar  Spaclaana  froa  cha  TF34  OTA  Effort",  Data  sane  froa  H.  S. 

Cilbarc,  Canaral  Elaccrlc  Co.,  Evandala,  Ohio,  Octobar  1982. 

JEON'!  TI-6AL-4V  Kic 

TI-6AL-6V-2Sa  Ku 

Todar,  C.  R.,  Coolay,  L.  A.,  and  Crookar,  T,  W. ,  "Enhancaaanc  of 
Faclgua  Crack  Growth  and  Fracture  Raalacancc  In  Tl-6Al-^V  and  Tl- 
6Al-6V-2Sn  Through  Hlcro-Struccural  Modification",  Journal  of 
Eoglnaorlng  Haeerlala  and  Technology,  Vol.  99, pp.  315-318,  October  1977. 

HA002  TI-6AL-4V  Kxe.  da/dN 

TI-6AL-6V-2SO  da/dN 

Fraceura  Toughnaaa  of  T1-6A1-4V  Place  and  Forging,  Alualnum  2124- 
TBSl  Place  and  7175-T73652  Forging  and  Fatigue  Crack  Growth  Race 
for  T1-6A1-4V  Plata  and  Forging,  Tl-4Al-6V-2So  Excrualon,  Alualnua 
2124-T851  Plata  and  Alualnua  7175-773652  Forging,  Data  Subalctod 
by  0.  L.  Rlcb  of  HcDonoall  Aircraft  Co.,  St.  Loula,  HO,  Attachaant 
F2,  Recalvod  March  12,  1982. 

HA003  T1-6AL-4V  K^c’ 

Saay,  S.,  and  Krlag,  J.  F. ,  "Wing  Carry  Through  Lug  Joint  Crack 
Crewch  Taaca",  HcConnall  Aircraft  Co.,  Sc.  Loula,  HO.  Raporc  HDC 
A3449,  AccaclBMnc  F3,  Subalccad  by  D.  L.  Rich,  March  12,  1982. 
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MAOO}  TI-6AL-4V  da/dN,  Etacc 

Garlaad,  K.,  and  Krlag,  J.  f.,  "Final  Rtport  -  Baatc  Fraccura  Data 
lor  F-18  Haearlal",  HcDonnall  Aircraft  Co.,  Sc.  Loula,  NO,  Rtport  So 
3  NA-66-7ICU,  Attactaaoe  *S.  1977  . 

NA006  ri-6AL-4V  da/dN 

Garland,  K.,  and  Krlag,  J.  F.,  "Evaluation  of  tha  Efface  of  Hacarial 
Cyclic  Softanlng  and  Hardanlng  on  Crack  Initiation  Lift  and  Crack 
Growth,  with  and  without  Ovarloada,  aa  a  Function  of  SCroaa  Ratio", 
HcDonnall  Aircraft  Co.,  St.  Loula,  MO,  April  1978. 

MAOll  TI-8AL>UI0-1V  da/dN 

"Final  taporc,  F/RF>AC/D  Daaaga  Tolaranca  and  Lift  Aaaaaanant 
Study  -  Vol.  tl",  Hcfionnall  Aircraft  Co.,  Sc.  Loula,  HO,  Contract 
No.  AFSC  F336S7-73-A-0062,  Rapore  No.  MDC  A2883,  Fabruary  1975. 


"Flana  Strain  Fraccura  Toughnaaa  Data  Saca  on  Aluaioua,  Scaal 
and  Tlcanlua  Alloya",  Data  Sant  from  P.  C.  Forcar  of  Northrop 
Corp.,  Havthoma,  CA,  March  1,  1982. 

NC002  TI-6AL-4V  da/dN 

TI-«AL-4V(EU)  da/dN 

"Fatlgua  Crack  Growth  Rata  Data  on  Alunlmn,  Statl,  and  Tlcanlua 
Alloy",  Data  cant  froa  P.  G.  Porcar,  Northrop  Corp.,  Hawthoma,  CA, 
March  1,  1982. 

NLOOl  TI-8AL-49  4a/dN 

Data  Shaati  on  T1-8A1-4V  •  Fatlgua  Crack  Growth  Rata  Taata  - 
aubaictad  by  W.  S.  lohoaon,  NASA  Langlay  Rtaaarch  Cancar,  Haapton, 

VA,  March  1982. 

NtOOl  ft-8AL-4V  Ktc 

TI-8AL-ll»-iF 

Todar,  C.  R. ,  Cooley,  L.  A.,  and  Crookar,  T.  W.,  "Effaces  of 
Hlcroatructuro  and  Fraquaney  on  CoxToaion-Fatlgut  Crack  Growth 
In  Tl-aAl-lMo>lT  and  Tl-bAl-4V'',  Naval  Raaaarch  Laboratory, 
tfaahlngton,  O.C. ,  Raport  1678.  Dacasbar  1981, 

PW002  TI-6-2-4.2  da/dN 

TI-8AL>1H0>1V  Kxc 

Boyar,  J.  R..  Slaa,  D.  L. ,  and  Uallaca,  R.  H. ,  "Tlcanlua  Daaaga 
Tolaranc  Daalgn  Data  for  Propulsion  Syscaas",  United  Tachnologlas 
Corp,,  Pratt  and  Whlcnay  Aircraft  Croup,  Watt  Pals  Baach,  FL, 

Raport  Alia-TR-77-lOl,  Contract  No.  r33615-75-<-5l30,  Juno  1977, 

PW003  TI>6AL>1F  da/dN 

Fatlgwa  Crack  Growth  Rato  Oat*  on  Tlcanlua  and  Nlckal  Baaa  Alloy 
froa  8,  S.  Schwarts,  Pratt  and  Whlcnay  Aircraft  Croup,  Covamaanc 
Products  Olvlsloo,  Wast  Pala  Baach,  FL .  July  1982. 
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TI-6-2-A-6  Kic 
TI-BaL-^V  Kjj. 

a*tnuet,  J.  C..  ae  •!..  "fatlgu*  Crack  Propagation  and  Fracture  of 
ritunlM  Alloya  ,  Rockuall  Intarnational  Science  Center,  Thouaand 
Oaka,  CA,  and  Oepartaent  of  Metallurgy  and  Materiel  Science 
Caraegle-Helloo  Unlveralty.  Pitcaburgh.  PA. 

RI006  TI-6AL--V  Kjjcg 

Perguaon.  *•  *..  and  Berryraan.  R.  C..  "Fracture  Mechanics  Evaluation 
of  B-1  MacerUla  ,  Rockuell  International.  B-1  Olvlalon,  Loa  Angeles 
Contract  No.  P136S7-70-C^)800,  Report  No.  aPML-TH-76-137 
Occobtr  I976e  ' 

in)001  d4/dN 

^rvey,  R.  R. ,  "Tl-b-2-4-A  Elevated  Teaperacure  Hodallng  of 
Facile  Crack  Growth  Rate  Data",  University  of  Dayton  Research 
inatltuce,  Dayton.  Ohio.  Contract  No.  F33615-BO-C-S011  Technical 
HMoruuiua  l/Z)IL*TM*$l-4Bg  D*CMb«r  1981* 

ODOM  TI-8AL-4V  Ki^.,  da/dH 

Cervey,  R.  R..  "Beta  Proceaaed  Tltanlua  6A1-4V  Fracture  Properties" 

F33A14*7!L7‘’(rtjr'?‘‘  *“**‘'“**-  Oayton.  Ohio.  Contract  No.' 

F33613*74-C-30t4,  Technical  Mworandua  UDRI-TM-75-oa ,  July  1975, 

UHOOl  n-6AL*4V  da/dN 

WlUon,  0.  *•.  "A  Statlatlcally  Baaed  Investigation  of  Mlcroatructural 
effect  on  the  Fatigue  Properties  of  Tltanlua  and  Tltanlua  Alloya” 

o*  HlP«~rl,  in  Partial  Pulflllaent  of' 

PhD  Regulreaent,  Oeceaber  197B. 
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